Independent appliers and utilities maintaining their own pipe 
line yards rely NO-OX-ID methods for complete pipe line 
protection. this large coating yard stock pipe being 
readied for the application NO-OX-IDs and wrappers. 
Applying NO-OX-ID and NO-OX-IDized wrapper station- 
ary machine fast and economical. NO-OX-ID coatings bond 
firmly, are free from toxic fumes, not become brittle. NO-OX- 
IDized wrappers provide high moisture resistance and mechan- 
ical strength. This the ideal way protect your line 


against corrosion. 
NO-OX-IDs can also cold applied hand where the pipe 


follows rough, hilly terrain lies congested areas. There are 
also specific NO-OX-IDs and wrappers for application travel- 
ing type machine. 


DEARBORN ENGINEERING SERVICE: Consult with your Dearborn Engi- 
neer select the best NO-OX-ID combination for your pipe line. 


DEARBORN CHEMICAL COMPANY 


Merchandise Mart Plaza Chicago 54, Illinois 


Reg. 


NO-OX-ID service coat seals wrapper and all under- 
coatings against penetration. 


GET THIS 
PIPE LINE BOOK 


This informative, illus- 
trated book 
Underground Pipe from 
Corrosion with 
and Wrap- 
pers” describes the hand 
traveling ma- 
chine and stationary ma- 
chine methods. Also, cov- 
erage tables each. The 
coupon for your con- 
venience. 


Chemical Company 

Mart Plaza, Dept. 
Chicago 54, Illinois 


Please send copy Underground 
Pipe from Corrosion with NO-OX-ID and NO-OX- 
Wrappers.” 


Name. 


Address. 
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Where desirable sectionalize main for the 
application electrolytic protection—or wherever in- 
sulating joints are indicated—Dresser Insulating Cou- 
plings, Style 39, provide ultimate protection lower 
cost. There exact pipe fitting required and the 
joint itself costs but fraction the cost more 
cumbersome insulating methods. 

additional advantage that Style 39’s with pipe 
stop bead removed can cut into existing mains with 
minimum trouble and expense. Gaskets are 
special rubber compound, shown cross-section 
drawing, with protective plastic skirt where line 
contents might affect rubber compounds. 

Sizes through 30” and up. Also reducing sizes 
for going from steel CIP. 


INSULATING GASKET 


Dresser ZIPCOATS complete 


insulating joint protection... 
Easy and safe install 


Installed 1/10 the time takes coat joint, 
ZIPCOATS give sure protection, superlative dielectric 
strength. Simply zip them like jacket. There’s 
‘lame; heating, hauling messy application hot 
stuff; danger from fumes burns. types: for 
insulating joints and for the straight run pipe, in- 
cluding welds. Write for literature. 


*ZIPCOAT is a Trademark of Dresser Manufacturing Division 
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Fast bonding. Preformed Dresser Bonds and 
second chemical welding method make homoge- 
neous weld area, eliminate surface contact vari- 
ables. Save 50% cost bonding. Compact 
kit preformed bonds includes all materials 
needed for installing. 


DRESSER 


MANUFACTURING DIVISION 


Headquarters: Bradford, Pa. (One the 
Dresser Industries). Sales Offices: New York, 
Philadelphia, Chicago, Houston, San Fran- 
cisco. Canada: 629 Adelaide Street, 
Toronto, Ontario. 


ul 


DOWELL 


MAGNESIUM ANODES 


MAGNESIUM 
ANODES 


available many sizes and types 


There complete line Dowell Magnesium 
Anodes designed give you effective, efficient pro- 
tection against corrosion. you have corrosion 
problems buried submerged metal structures, 
Dowell anodes offer answer—proved main- 
tenance savings many applications. 


Over ten years ago, The Dow Chemical Company 
initiated program help you cut corrosion costs 
with expendable magnesium anodes. Today, the 
magnesium anodes marketed Dowell, Dow 
subsidiary, have been developed high degree 


efficiency. Dowell anodes show long, effective life 
the result field testing and extensive research 
Dow laboratories. The uniform quality Dowell 
anodes assured the dependable production 
control methods used Dow’s manufacturing plants. 


Complete research facilities and 
network offices can provide you with prompt 
advice your corrosion problems. Just call the 
nearest Dowell office write direct Tulsa. Ask 
for the free booklet ‘‘Dowell Magnesium Anodes” 
information specific applications. 


DOWELL INCORPORATED TULSA OKLAHOMA 
OFFICES PRINCIPAL CITIES 


GALVO-PAK® GALVO-LINE 


SUBSIDIARY THE DOW CHEMICAL COMPANY 
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THIS MONTH’S COVER—This Delaware River 
coal barge operated the Oliver Transpor- 
tation Company one several service 
since 1933 which have shown little loss 
hull structural strength result coat- 
ing system metallizing with .006 
zinc, sealing with thin synthetic 
and one two coats marine paint, Ordinary 
painting inadequate protect the hulls from 
corrosives the river water. Maintenance re- 
painting simple because lack corrosion. 
Damage the protective zinc abrasion 
patched easily the Metallizing Process. 


STAFF 


EDITORIAL 


Ivy 

Norman 
Editor 

Problems” 


CORRESPONDENTS 


Metals 

Henry 
Paper, Mining and Food 

Metals 

Production and Pipe 
Lines 

Irwin 

Gustave 
Process 

Metals 

Refining 

Telegraph, Radio 

Industry 

Water 


ADVERTISING 


Secretary NACE) 
Advertising Manager 


GENERAL OFFICES 
919 MILAM BUILDING 
803 Texas Avenue *Houston 2, Texas 
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Published monthly its official journal, the National Association Corrosion Engi- 
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Directory 


NORTH EAST REGION 


DONOVAN, Director 
Consolidated Edison Co. 
of New York, Inc. 

4 Irving Place 
New York City. 


HUGH L. HAMILTON, Chairman 
The A. V. Smith Co., 
370 Trevor Lane 
Bala-Cynwyd, Pa. 


T. P. MAY, Vice-Chair. 
The International Nickel 
Co., Inc. 
New York, N. Y. 


ROWLAND ENGLISH, 
Sec.-Treas. 
H. C. Price Co., 
Box 6120, 
Philadelphia 15, Pa. 


Baltimore Section 


HOMER HOLLER, Chair. 
Hesketh St. 
Chevy Chase, Md. 


GEORGE BEST, Vice-Chair. 
Mutual Chem. Co of Am. 
1348 Block St. 

Baltimore, Md. 


VON LOSSBERG, Sec.-Treas. 
c/o Sheppard T. Powell 
330 North Charles 
Baltimore, Md. 


Metropolitan Section 
(N.Y.) 


W. F. FAIR, Chairman 
Koppers Co., 
Box 390, 
Westfield, 


KEMPTON H. ROLL, Vice-Chair. 
Lead Industries Assoc., 
420 Lexington Ave., 

New York, N. Y. 


F. J. LeFEBVRE, Sec.-Treas. 
Electro Rust-Proofing Corp., 
Box 178, 

Newark, J. 


Philadelphia Section 


H. F. McCONOMY, Chair. 
The Atlantic Refining Co., 
Box 8138, 
Philadelphia 1, Pa. 


W. R. BRIGGS, Vice-Chair. 
W. A. Briggs Bitumen Co. 
3303 Richmond St., 
Philadelphia 34, Pa. 


FRANK KAHN, Sec-Treas. 
Philadelphia Electric Co., 
2301 Market St., 
Philadelphia 3, Pa. 


Pittsburgh Section 


BIALOSKY, Chairman 
United States Steel Co. 
210 Semple St. 
Pittsburgh, Pa. 


N, P. PEIFER, Vice-Chairman 
Manufacturers L. & H. Co. 
2202 Vodeli St. 
Pittsburgh, Pa. 


COSTANZO, Secretary 
Mfrs. Light & Heat Co. 
2202 Vodeli St. 
Pittsburgh, Pa. 


BINGER, Treas. 
Aluminum Res. Lab. 
P. O. Box 772 
New Kensington, Pa. 
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NACE Regional and Sectional Officers 


! NORTH DAKOTA 


| 


j SOUTH 


— 


1—North East 
2—North Central 


3—South East 


4—South 


5—Westein 


Western New York 
Section 


GILBERT COX, Chairman 
International Nickel Co., Inc. 
45 Exchange St., 
Rochester, N. Y. 


BINDER, Vice-Chair. 
Union Carbide & Carbon 
Research Laboratories 
Niagara Falls, 


DR. JAY SEARER, Sec.-Treas. 
net Plastics & Chemicals, 
nc. 
Walck Road 
North Tonawanda, 


NORTH CENTRAL REGION 


FRANK L. WHITNEY, Jr., Dir., 
Monsanto Chemical Co., 
1700 S. Second St., 

St. Louis, Mo. 


EVERETT GOSNELL, Chairman 
Colonial Iron Works, 
17643 St. Clair Ave., 
Cleveland, Ohio 


RUSSELL LAWALL, Vice-Chair. 
American Telephone & Tel. Co. 
1538 Union Commerce Bldg., 
Cleveland 14, Ohio 


CARL E. HEIL, Sec.-Treas. 
Heil Process “ys Corp. 
12901 Elmwood Ave. 
Lakewood 7, Ohio 


Chicago Section 


FRANKLIN WATKINS, Chair. 
Sinclair Research Lab. 
400 East Sibley 
Harvey, Ill. 


VAN NATTA, Vice-Chair. 
Plastic Lining Corp. 
900-02 South Wabash Ave. 
Chicago, 


LAURIE NICHOLLS, Sec. 
Pub. Serv. Co. of Ill. 
615 Eastern Ave. 
Bellwood, Hil. 


Treas. 
Graver Tank Mfg. Co. 
4809 Tod Ave. 

East Chicago, Ind. 


Cleveland Section 


DAVIS, Chair. 
Aluminum Co, of Am. 
2210 Harvard Ave. 
Cleveland, Ohio 


DETRICK, Vice-Chair. 
Williams & Co., Inc. 
3700 Perkins Ave. 
Cleveland, Ohio 


W. E. BAKER, Sec.-Treas. 
Standard Oil Co. (Ohio) 
606 Standard Bldg. 
Cleveland 14, Ohio 


Detroit Section 


JACK H. LoPRETE, Chairman 
Spray-Coat Engineers Inc. 
775 So. Bayside St. 
Detroit 25, Michigan 


LEON COOK, JR., Vice-Chair. 
Wyandotte Chemicals Corp. 
North Plant 
Wyandotte, Michigan 


W. R. CAVANAGH, Treas. 
Parker Rust Proof Corp. 
2177 E. Milwaukee St. 
Detroit 11, Michigan 


PROCTOR COATES, Sec. 
Michigan Bell Telephone Co. 
618 Boulevard Blidg., 
7310 Woodward St. 
Detroit 2, Michigan 


Eastern Wisconsin 
Section 


HAROLD HAASE, Chair. 
2917 W. Juneau Ave. 
Milwaukee, Wis. 


LEVINSON, Sec, 
Ampco Metal, Inc. 
1745 South 38th St. 
Milwaukee 46, Wis. 


Greater St. Section 


GEORGE FISHER, JR., Chair. 
The International Nickel Co., 


Inc. 
411 North 7th St. 
St. Louis, Mo. 


GROSS, Vice-Chair. 
Tret-O-Lite Company 
937 Pacific Ave. 

St. Louis, Mo. 


WAYNE KELLER, 
Mallinckrodt Chemical Works, 
65 Destrehan St. 
St. Louis, Mo. 


GEORGE PURDY, Treas. 
7321 Zephyr Place 
St. Louis, Mo. 


Ohio Section 


JOSEPH CREEVY, Chairman 
Newport Steel Corp. 
Newport, Ky. 


ROY O. McDUFFIE, Vice-Chair. 
Dept. Chem. & Met. Eng., 
University of Cin. 
Cincinnati 21, Ohio 


LEWIS LEDERER, Sec.-Treas. 
Inner-Tank Lining Corp. 
1097 Wade St. 

Cincinnati, Ohio 


SOUTH EAST REGION 


SWANSON, Director 
American Telephone and 
Telegraph Co., 
Hurt Building 
Atlanta, Ga. 


E. P, TAIT, Chairman 
Alloy Products 
333 Candler Bldg. 
Atlanta, Ga. 


R, A. DAVIS, Vice-Chair. 
Chicago Bridge Co. 
1500 N. 50th St. 
Birmingham, Ala. 


VAN NOUHUYS, Sec.-Treas. 
Southeastern Pipe Line Co. 
718 Forsyth Bidg. 
Atlanta Ga. 


SOUTH CENTRAL REGION 


T. F. KELLY, Director 
James E. Mavor Co. 
Houston 2, Texas 


M. C. FLEMING, Vice-Chairman 
Phillips Petroleum Co. 
Bartlesvitle, Okla. 


WALDRIP, Sec.-Treas. 
Gulf Oil Corp., 
5311 Kirby Drive, 
Houston, Texas 


JOHN CAMPBELL, Assistant 
Sec.-Treas. 
Box 1913 
Corpus Christi, Texas 


Corpus Christi Section 


THOMAS MOFFATT, JR., Chair. 
Southern Alkali Corp. 
Lawrence Drive 
Corpus Christi, Texas 


JOHN NEE, Vice-Chair. 
Briner Paint Mfg. Co., Inc. 
3713 Agnes St. 

Corpus Christi, Texas 


CHARLES WARD, Sec.-Treas. 
Magnolia Petroleum Co. 
2600 N. Port Ave. 

Corpus Christi, Texas 


Houston Section 


PERRY SPAFFORD, Chair. 
Stanolind Oil and Gas Co. 
Box 3092 
Houston, Texas 


CHARLES GRIBBLE, JR., 
Vice-Chair. 
Metal Goods Corp. 
Box 1452 
Houston, Texas 


L. G. SHARPE, Sec.-Treas. 
Humble Pipe Line Co. 
Humble Building 
Houston, Texas 


(Continued Next Page) 
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SOUTH CENTRAL REGION 


New Orleans-Baton 
Rouge Section 


HENRY ALLEN, Chair. 
Cathodic Protection Service 
149 Metairie Lawn Drive 
New Orleans, La. 


A. F. BLUMER, Vice-Chair. 


WOGAN, Sec. 
P. O. Box 126 
Westwego, La. 


DARREL GRIFFITH, Treas. 
Tretolite Company 
Box 1181 
Houma, Louisiana 


North Texas Section 


H. L. BILHARTZ, Chairman 
Atlantic Refining Co. 
Box 2819 
Dallas, Texas 


SPALDING, JR., Vice-Chair. 
Sun Oil Company 
Box 2880 
Dallas, Texas 


N. P. CHESNUTT, Sec.-Treas. 
Southern Union Gas Co. 
1104 Burt Bldg. 

Dallas, Texas 


Permian Basin Section 


RAY, Chairman 
Republic Natural Gas Co. 
P. O. Box 1644 
Midland, Texas 


E, A. McCLENDON, Ist Vice-Chair. 
Phillips Petroleum Co. 
P. O. Box 6666 
Odessa, Texas 


ELKINS, 2nd Vice-Chair. 
Shell Oil Co. 
Box 1509 
Midland, Texas 


C. O. BUNDRANT, Sec.-Treas. 
The Western Co. 
P. O. Box 310 
Midland, Texas 


Sabine-Neches Section 


WILLIAM COOK, Chairman 
Gulf Oil Corporation 
Box 701 
Port Arthur, Texas 


CHRISTOPHER MURRAY, 
Vice-Chairman. 
Pure Oil Company 
Box 237 
Nederland, Texas 


CHARLES Sec.-Treas. 
Magnolia Petroleum Company 
Beaumont, Texas 


Shreveport Section 


TOM HOLCOMBE, Chairman 
Holcombe & Stearns, Inc. 
Box 1306 
Shreveport, La. 


MARION OLIVE, 
Arkansas Natural Companies 
General Engineering Dept. 
Shreveport, La. 


JAMES M, SMITH, Treas. 
Interstate Oil Pipe Line Co. 
Box 1107 
Shreveport 83, La. 


WM. LEVERT, Sec. 
United Gas Pipe Line Co. 
Box 1407 
Shreveport 92, La. 


Tulsa Section 


HUGO, Chairman 
Phillips Petroleum Co., 
Bartlesville, Okla. 


HUNTER, JR., Vice-Chair. 
Service Pipe Line Co., 
Box 1979 
Tulsa, Okla. 


WILLIAMSON, JR., Sec.-Treas. 
T. D. Williamson, Inc., 
Box 4038 
Tulsa, Okla. 


University Houston 
Junior Section 


WM, G. BOYD, JR., Chairman 
3401 Austin 
Houston, Texas 


JOHN QUINN, Vice-Chair. 
511 Drew St. 
Houston, Texas 


BOB ARMSTRONG, Sec. 
415 West Main St. 
Houston 6, Texas 


JAMES RICHARDSON, Treas. 
2222 Jean St. 
Houston, Texas 


WESTERN REGION 


1. C. DIETZE, Director 
Dept. of Water and Power, 
City of Los Angeles, 
141 South Martel Avenue, 
Los Angeles, California 


WHITENECK, Chair. 
Long Beach Harbor Dept. 
1333 El Embarcadero 
Long Beach 7, Cal. 


W. M. SCHILLING, Vice-Chair. 
Southern Counties Gas Co. 
4818 Beck Ave. 

Bell, Cal. 


W. E. KIRKENDALL, Sec.-Treas. 
Department of Water & Power 
410 Ducommen St. 
Los Angeles, Cal. 


NACE Regional and Sectional Officers 


Los Angeles Section 


HARRY DOUGLASS, Chair. 
Stewart R. Browne Mfg. Co., 


Inc. 
1065 Riverside Drive 
Los Angeles, Cal. 


VANGSNES, Vice-Chair. 
The Vanode Co., 
117 Colorado 
Pasadena, Cal. 


CARL W. SHUPP, Sec.-Treas. 
Sou. California Gas Co. 
810 S. Flower St., 
Los Angeles, Cal. 


Salt Lake Section 


HARRY BROUGH, Chairman 
Mountain Fuel Supply Co. 
36 South State St., 
Salt Lake City, Utah 


GEORGE HILL, Vice-Chair. 
3725 South 11th East St., 
Salt Lake City, Utah 


JOHN W. COX, Sec.-Treas. 
Pipe Line Division, 
Utah Oil Refining Co., 
Utah Oil Building, 
Salt Lake City, Utah 


San Francisco Bay Area 
Section 


DAVID HENDRICKSON, Chair. 
East Bay Mun. Utility Dist., 
512 Sixteenth St., 
Oakland, Cal. 


GEORGE WERKS, Vice-Chair. 
Engineering Division 
Union Oil Co. Refinery 
Oleum, Cal. 


CHARLES E. HANEY, Sec.-Treas. 
Electric Steel Foundry 
249 First St., 
San Francisco, Cal. 


Technical Material Scheduled for Publication 


NOVEMBER: 


Effect Packaging Corrosion 
Zinc Plated Equipment. 


and Mendizza 


Area Effects Crevice Corrosion. 


Prevention Corrosion Naval Aircraft. 


Part Two Parts 


Corrosion Inhibition Gas Condensate Wells 
Intermittent Injection Alkaline Solutions 


Charles Nathan 


Some Aspects Ship Bottom Corrosion 


Paul Ffield 


NOTICE AUTHORS 
TECHNICAL MATERIAL 
CORROSION 


The Editorial Review Committee and 
the Editor Corrosion welcome the 
submission technical articles cor- 


rosion regardless their con- 


tent. 


Persons interested submitting 
terial for publication are invited 
write for “Guide for Preparation and 
Presentation Papers,” which gives 
complete information the require- 
ments the association. 
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Check these three questions when you pick the 
wrap for that next pipeline job... 

Will reinforce the enamel give maximum 
protection? Fiberglas COROMAT does it! 

Will protect enamel from soil stress, backfill 
impact, rough handling? Fiberglas Pipeline 
OUTER WRAP does it! 

How fast will on? Actual field experience 
proves that strong, tough Fiberglas wrap can 
applied 50% faster than ordinary materials. 


Read that last point again. Think what 


means. Less time the job. More effective use 
manpower and equipment. So, with Fiberglas 
wraps, you can give your pipelines the most effec- 
tive protection and you get faster! 

Take look below the advantages you get 
with Fiberglas Double Wrap COROMAT 
and OUTER WRAP. see why get 
many repeat orders Wrap Headquarters! 
FIBERGLAS CORPORATION, Dept. 
53-J, Toledo Ohio. 


FREE SAMPLES! Write us, your letterhead, for complete 
information and free samples Fiberglas wrap materials, 


The best aid corrosion protection GLASS. Owens-Corning 
pioneered glass wraps now offers the only complete 
glass Double Wrap system, engineered specifically for the job. 


(Reg. Pat. Off.) and COROMAT are 
trade-marks Owens-Corning Fiberglas Corpora- 
tion for products made with fibers glass. 


rot, decay absorb moisture. 


Uniform texture and finer fibers assure 
high porosity, even 


anchorage. 
Reinforced the fong way for 
tension and tear 
give more miles wrapped per 


October, 


For Wrap...say COROMAT! 
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Protect the corrosion with Fiberglas OUTER WRAP! 


tion cushions impact, soil stresses, 
bumps. 

Strong, reinforced COROMAT core per- 
mits fast, break-free wrapping. 

releases trapred gases, permits 
keying outer wrap, minimizes 
holidays. 

draw off rich protective oils. 

Applies snugly any bend 
wrapping machine can travel. 

moisture pickup during storage 
application. 

Reflective surface helps set 
faster hot weather. 


4 


1951 


TP-1 


TP-1A 


TP-1B 


TP-2 


TP-2A 


TP-3 


TP-5 


TP-5B 


TP-5C 


TP-5D 


CORROSION OIL AND GAS WELL 
EQUIPMENT (Formerly Condensate 
Well Corrosion) 


HARRY WALDRIP, Chairman 
Gulf Oil Corp. 
5311 Kirby Drive 
Houston, Texas 


BILHARTZ, Vice-Chairman 
Atlantic Refining Co. 
Box 2819 
Dallas, Texas 

Pacific Coast. E. O. Kartinen, Chairman. 


Signal Oil & Gas Co., 811 W. Seventh St., 
Los Angeles 55, Cal. 


Condensate Well Corrosion. R. C. Buchan, 
Chairman, Humble Oil & Refining Co., 
Houston, Texas. 


Sweet Oi! Well Corrosion. H. L. Bilhartz, 
— Atlantic Refining Co., Dallas, 
exas. 


Sour Oil Well Corrosion. Co-chairmen: J. A. 
Caldwell, Humble Oil & Ref. Co., Box 2180, 
Houston, Texas, and R, L. Elkins, Shell Oil 
Corp., Box 1509, Midland, Texas. 


Metallurgy—Oil and Gas Well Equipment. 
Co-chairmen: ¥. V. Kendall, National Tube 
Co., Box 266, Pittsburgh, Pa., and F, A. 
mga” Phillips Petroleum Co., Bartlesville, 
Okla. 


Sulfide Stress Corrosion. R. S. Treseder, Shell 
Development Co., Emeryville, Cal. 
GALVANIC ANODES FOR CATHODIC 
PROTECTION 


WALTER NOSER, Chairman 
Humble Pipe Line Co., Drawer 2220 
Houston, Texas 

To Correlate Data From Operating Installa- 


tions. L. R. Sheppard, Shell Pipe Line Corp., 
Houston, Texas. 


ANODES FOR USE WITH IMPRESSED 
CURRENTS 


DONALD BOND, Chairman 
The Texas Pipe Line Company 
Box 2332, Houston Texas 


MINIMUM CURRENT REQUIREMENTS 
FOR CATHODIC PROTECTION 


PEARSON, Chairman 
Sun Oil Co. 
Bishop Hollow Road 
Newton Square, Pa. 


CORROSION PROBLEMS INVOLVED 
PROCESSING AND HANDLING 
CHEMICALS 


MARS FONTANA, Chairman 
The Ohio State University 
Columbus 10, Ohio 


SCHMIDT, Vice-Chairman 
Dow Chemical Co. 
1313 Helen St. 
Midland, Mich. 


Materials for Handling and Manufacturing 
Sulfuric Acid. S. W. Shepard, Chairman, 
American Cyanamid Co., Bound Brook, N. J. 


Design of Equipment for Corrosive Services. 
W. W. Sweet, Materials of Engineering Div., 
Colgate-Palmolive-Peet Co., 105 Hudson Co., 
Jersey City 2, N. J. 


Sub-Surface Corrosion Alkaline Solutions. 

H. W. Schmidt, Chairman, The Dow Chemi- 

1313 Helen Street, Midland, 
ich, 


Corrosion by Organic Acids and Bases. F. L. 
Whitney, Monsanto Chemical Co., 1700 
Second St., St. Louis, Mo. 


Gasket Materials for Corrosion Service. L. D. 
Cook, Chairman, Wyandotte Chemical Corp., 
Wyandotte, Mich. 


TED ZAJAC, Chairman 


Shell Oil Company, 
West 50th St., 
New York, 


EX-OFFICIO MEMBERS 


BERRY 
MARS FONTANA 
CAMPBELL 


(Chairmen of all TP sub-committees listed 
below are members of the full committee) 


TP-6 PROTECTIVE COATINGS 


KENNETH TATOR, Chairman 
Consulting Engineer, Montour St. 
Extension, Coraopolis, Pa. 


WHITENECK, Coordinator 
West Coast Division 
Board Harbor Com. 
Long Beach, Cal. 


TP-6A Organic Coatings and Linings for Resistance 
to Chemical Corrosion. Kenneth Tator, Chair- 


TP-6B Protective Coatings for Resistance to Atmos- 
pheric Corrosion. G. G. Sward, Chairman. 
National Paint, Varnish & Lacquer Ass’‘n, 
wf Rhode Island Ave., N.W., Washington, 


TP-6C Protective Coatings for Resistance Marine 
Corrosion. Raymond P. Devoluy, Chairman. 
C. A. Woolsey Paint & Color Co., 229 E. 
42nd St., New York 17, 


TP-6D Pipe Line Coatings. (Chairman not ap- 
pointed). 


TP-6E Protective Coatings Petroleum Production. 
Jack P. Barrett, Stanolind Oil and Gas 
Company, Tulsa, Okla, 


TP-6F Protective Coatings in the Food Industry. 
G. W. Seagren, Chairman. The Mellon In- 
stitute, Pittsburgh, Pa. 


TP-6G Surface Preparation for Organic Coatings. 
A. J, Liebman, Chairman. Dravo Corp., 
Dravo Building, Pittsburgh 22, Pa. 


TP-6H Glass Linings and Vitreous Enamel. G. H. 
Mcintyre, Chairman. Ferro-Enamel Corp., 
Harvard & 56th St., Cleveland 5, Ohio. 


Metallic (Chairman not appointed). 


TP-6J Standards. Sward, Chairman. 


TP-6K Corrosion Resistant Construction with Masonry 
and Allied Materials. Robert R. Pierce, Chair- 
man. Pennsylvania Salt Manufacturing Co., 
1000 Widener Bldg., Philadelphia, Pa. 


TP-7 MATERIALS FOR USE HIGH TEM- 
PERATURES 
SCHEIL, Chairman 
Director Metallurgical Research 
Smith, Corporation 
Milwaukee, Wisconsin 


TP-8 CORROSION WATERS 
KENDALL, Chairman 
National Tube Company, Frick 
Building, Pittsburgh 30, Pennsylvania 


TP-9 CORROSION INHIBITORS 
WACHTER, Chairman 
Shell Development Company, 4560 
Horton Street, Emeryville California 


TP-10 CORROSION FATIGUE 
KENDALL, Chairman 
National Tube Company, Frick 
Building, Pittsburgh 30, 


TP-11 IDENTIFICATION CORROSION 
PRODUCTS 


IMHOFF, Chairman 
Research Supervisor, Chemical Lab. 
Allis-Chalmers Mfg. Co. 
Milwaukee Wis. 


TP-12 EFFECT ELECTRICAL GROUNDING 
CORROSION 


GLEN APPLEMAN, Chairman 
Pennsylvania Power Light 
Ninth Hamilton St. 
Allentown, Pa. 


TP-13 ANNUAL LOSSES DUE CORROSION 


TP-14 INSTRUMENTS FOR CORROSION 
MEASUREMENTS 


TP-15 CORROSION CONTROL THE 
TRANSPORTATION INDUSTRIES 


MERRITT WILLIAMSON, 
Pullman Standard Car Mfg. Co. 
1414 Field Street 
Hammond, Indiana 


TP-16 ELECTROLYSIS AND CORROSION 
CABLE SHEATHS 


IRWIN DIETZE, Chairman. 
Dept. Water Power, 
City Los Angeles, Cal. 


TP-16A Stray Railway Current Electrolysis. M. D. 
Fletcher, Chairman, Illinois Bell Telephone 
Co., 212 West Rendolph St., Chicago 
J. Svetlik, Co-chairman, Northern Indiana 
Public Service Co., 5265 Hohman Ave., 
Hammond, Ind. 


TP-16B Corrosion of Lead and Other Metallic 
Sheaths, Reinitz, Chairman, The 
Cable Co., Inc., 730 
Twenty-first St., Paterson, N. J. T. J. Mait- 
land, Co-chairman, American Telephone & 
Co., Sixth Ave., New York 13, 


TP-16C Cathodic Protection of Cable Sheaths. 
W. J. Schreiner, Chairman, Cincinnati Gas 
& Electric Co., Cincinnati 2, Ohio. R. M. 
Lawall, Co-chairman, American Telephone 
Telegraph Co., 1538 Union Commerce 
‘ Bldg., Cleveland 14, Ohio. 


TP-16D Tests and Surveys. L. J. Gorman, Chairman, 
Robin Beach Engineers Associated, Court 
St., Brooklyn 2, N. Y. Frank E. Kulman, Co- 
chairman, Consolidated Edison Co. of New 
York, Irving Place, New York 


TP-16E Corrosion and Protection of Pipe-Type 
Frank Kahn, Chairman, Philadelphia 
wg Co., 2301 Market St., Philadelphia 


TP-16F Non-Metallic Sheath Coatings. Geo. H. Hunt, 
Chairman, Simplex Wire Cable Co., 
Sidney St., Cambridge 39, Mass. 


TP-17 STANDARDIZATION PROCEDURES 
FOR MEASURING PIPE COATING 
CONDUCTANCE 


HUDDLESTON, Chairman 
Huddleston Engineering 
Bartlesville, Okla. 


TP-18 INTERNAL CORROSION 
FOR STORAGE AND TRANSPOR’A- 
TION PETROLEUM 
SHARPE, Chairman 
Humble Pipe Line Co. 
Houston, Texas 
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CORROSION 


Complete protection against corrosion the guarantee provided 
HARCO engineered and installed cathodic protection systems. 
Only properly engineered and installed corrosion elimination 
system can assure you extended working life for water storage 
tanks and underground pipe lines and cables. 


SELENIUM 
RECTIFIER 


each application, numerous factors must considered for 
maximum cathodic protection. For instance, HARCO engineers 
check soil conductivity and moisture content, soil water chemical 
characteristics, dissolved oxygen content, temperature, seasonal 
variations environment, protective coatings, dissimilar metals, 
position other metallic structures and presence stray currents. 


Results the HARCO engineered corrosion elimination system 
include lower maintenance and replacements costs, reduction 
elimination excess material for “corrosion 
lower depreciation rates and greater protection against personal 
and property damage from hazards caused from corrosion. 


Write HARCO engineers today for catalog 
containing information cathodic protection systems call MOntrose 2-2080. 


ELECTRODES 


283-HC 
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with cathodic protection systems! 
| 


Practical Design 
For Long, Trouble-Free 
Rugged Service! 


CATHODIC 
PROTECTION 


RECTIFIER 


OIL IMMERSED SELENIUM 


Capacities Fit Your Design 


Two Straight-Sided Models—Up 400 Watts and 400-800 Watts. 
With Fluted Sides—800 2400 Watts and 2400-5000 Watts. 


Common-sense, practical design box built MODEL ILLUSTRATED 2400-5000 Watts DC, oil 
part case, moisture can enter between case and box. Removable immersed, all-welded case. Voltage adjustment 
instrument box doors with locking lip preventing removal when closed. 
Space for recording instruments. Where split ground beds are used 
space provided measure separate shunts ground beds. Over- 

load protection. All-welded case construction. 


One-Delivery Cathodic Protection Systems RECTIFIER 
have expensive crews standing around idle. Brance-Krachy can pair Service 


ship your complete cathodic protection system,.— anodes, cable, 

shunts, bonds, insulators, instruments—on one order, one delivery. will repair, rebuild modify 
Have everything there when ready go. your specifications any make model 
selenium rectifier. Expert workman- 
Write for Descriptive Bulletin ship, best materials and over years 
New Rectifiers experience cathodic protection sys- 

tems. 

ANY MAKE MODEL 


FOR FULL INFORMATION, WRITE, WIRE TELETYPE (HO-561) 
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CORO-GARD 


Corrosion caused chemical spillage only one form corrosion that 

can controlled with Coro-Gard. Combinations different Coro-Gard 

coatings make separate systems for the effective control corrosion CORO-GARD COATINGS FOR 
under various service conditions. 

Years research have made Coro-Gard one the best materials for Moderate exposure 
increasing metal life. These sprayable air-drying coatings contain syn- 

thetic resins, such vinyls, which have proved most effective com- 

corrosion all types. Severe exposure 


Some Coro-Gard coatings are metal cleaners and etchers which also 

inhibit metal oxidation. Other coatings are effective corrosion barriers and Abrasion resistance 
notable for their slow rate corrosion undercutting. Still others give 
tough, flexible surface resistant both corrosion and abrasion. com- 
bining these, there Coro-Gard system fit every corrosion problem. Skid-proofing 
Write today for complete information this money-saving method 
corrosion control, and for 3M’s sample card Coro-Gard finishes and 
colors. Address your letters 3M, Dept. Piquette, Detroit Sour crude handling 


Chemical fumes and 
spillage 


Maritime usages 


MINNESOTA MINING AND MANUFACTURING COMPANY ADHESIVES AND COATINGS DIVISION. 


GENERAL OFFICES: ST. PAUL MINN. 411 PIQUETTE AVE., DETROIT MICH, 
EXPORT AND CANADIAN SALES: 270 PARK AVE., NEW YORK 17, 
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AN Tl COR ROSION 


NATIONAL 


TRADE-MARK 


Why Graphite Anodes are 
best for cathodic protection 


Positive control any moisture condition; just change 
tap the rectifier raise lower current input 


required. 


Perfect for use high resistance soils. 
Longest life any anode material obtainable. 
Lowest-cost, long-range protection. 


Thoroughly tested and proved service for 


more than years. 


Also, complete and sure protection 


sea water indefinitely. 


The term “ National” 


District Sales Offices: 


Atlanta, Chicago, Dallas, Kansas City, 
New York, Pittsburgh, San Francisco 
In Canada: National Carbon Limited 


Montreal, Toronto, Winnipeg 


is a registered trade-mark 
of Union Carbide and Carbon Corporation 


NATIONAL CARBON COMPANY 


A Division of 
Union Carbide and Carbon Corporation 
30 East 42nd Street, New York 17, N. Y. 


A 


GROUND ‘ANODE SYSTEM SURVEYED DESIGNED THE HINCHMAN CORPORATION 


graphite anodes 
are the answer! 


Because leaks the piping, the city Detroit, 
Michigan, would have spent $80,000 space heaters 
—resulting far less efficient heating replace 
their radiant-heating systems installed under two large 
maintenance and storage garages. 

The two garages handled 1000 buses had 500,000 
square feet floor space. Their floors were heated 
110,000 feet buried iron and steel pipe 233 heat- 
ing panels. Purpose the buried heating unit was 
melt snow and ice from the undersides the buses 
during storage preparation for maintenance work. 
Detroit, like many other cities, uses salt for ice and 
snow removal. The melted snow, therefore, formed 
corrosive, salt-water solution. When this salt water 
soaked down among the buried pipes, caused cor- 
rosion leaks. 

answer was install cathodic protection, 
using graphite ground anodes protect the metal 
piping. Sixty-eight 40” “National” graphite an- 
odes were placed under each garage. Two 
were placed each hole made through the concrete 
floor, the holes being spaced 57’ 102’ apart. Cost 
this installation, which providing ample protection, 
was only $15,000. 


YOU HAVE SIMILAR PROBLEM? 
CATHODIC PROTECTION 
MAY YOUR ANSWER! 
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that shields 


what’s within... 


Johns-Manville Asbestos Pipeline only 
type wrapper that has survived more than 
years service all types soil—now protects 
more than 100,000 miles oil and gas pipelines! 


sturdy, inorganic product, Johns-Manville 
Asbestos Felt resists rot and decay, stands 
both acid and alkali soils. has the thickness 
and toughness needed shield pipeline enamels 
from earth load and soil stresses. And permits 
the protective enamel coating properly func- 
tion against corrosion. 


Johns-Manville Asbestos Felt flexible; wraps 


Johns-Manville 


PIPELINE FELT 


WES. 


Like the ’Gator’s tough skin 


Johns-Manville 
Felts shield 


oil and gas pipelines 


easily without cracking. guards enamel from 
impact damage both during installation field- 
wrapped pipe, and during transportation and in- 
stallation mill-wrapped pipe. 


There are important economic advantages, 
too! addition reducing maintenance ex- 
pense, Johns-Manville Asbestos Felt adds many 


JOUNS-MANVI 


years life the pipeline. For further 
information and sample 

Johns-Manville Asbestos 
Pipeline Felt, mail the cou- 
pon below. 


Johns- Manville 
Box 290, New York 16, 


Please send copy the sample folder 
Johns-Manville Asbestos Pipeline Felt, 


Name 
Address 


1 
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protects containers 


Success where other coatin fail! 
That’s the story drum linings 
based VINYLITE Brand Resins! 

Keys this success are the in- 
herent flexibility and the lasting 
adhesion these highly chemical- 
resistant resins which protect con- 
tainers from contents well 
contents from containers. Simple 
cleaning puts the containers back 
service over and over again. 

explains why coatings based 
VINYLITE Brand Resins are 
widely used the petroleum, 
chemical and processing industries 
tanks, pipes, valves, structures, 
equipment. Preserving metal and 
slashing maintenance costs, they 
remain unaffected for years oils, 
greases, water, salt, corrosive at- 
mospheres, alkalies, most strong 
acids and other chemicals. 

They withstand impacts that 


dent and deform metal surfaces. 
They not chip, peel, flake. 
Odorless, tasteless, non-flammable, 
they come many colors and are 
strongly resistant sunlight, mil- 
dew, fungi, and aging. 

Let send you “The Story 
Surface and list 
representative suppliers metal, 
concrete and masonry coatings 


based VINYLITE Brand Resins. 
Write Dept. LB-69. 


Spraying lining material on drums. Data on Gaco 
Drum Lining courtesy Gates Engineering Com- 
pany, Box 1711, Wilmington, Del, 


inylite 


RESINS 


BAKELITE COMPANY 


Division 
Union Carbide and Carbon Corporation 
East 42nd Street, New York 17, 
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EEP moisture away from pipe-line 
surfaces with protective coating 
and you prevent corrosion. It’s simple 
that, theory. actuality, though, 
there’s more the story ordinary 
coatings just can’t keep out moisture, 
year after year. 

But Bitumastic Enamels can! 

These durable enamels are processed 
from base coal-tar pitch, making 
them actually impervious moisture. 
They make tight bond with the pipe. 
They not disintegrate with age. They 


Koppers Bitumastic Enamel being machine-applied 


Most effective barrier against corrosion 


are chemically resistant soil elements, 
and maintain continuously high elec- 
trical resistance. 

And these qualities pay off. Many 
this country’s pioneer oil and gas pipe 
lines—laid the 1920’s—are still giving 
good service today, thanks the effec- 
tive protection provided Bitumastic 
Enamels. 

Protect your pipe lines, the sure way, 
specifying “Bitumastic Enamels.” 
Your Koppers representative will give 
you complete details and estimates. 


REG. U.S. PAT. OFF. 


ITUMASTIC ENAMEL 


Bitumastic Enamels 
soon available from Koppers 
new California Plant! 


soon present construction work 
completed, Koppers will able 
supply Bitumastic Enamels from 
new plant Fontana, California. 
The plant being built give you 
better service the West. 


KOPPERS COMPANY, INC., Tar Products Division, Dept. 1004-T, Pittsburgh 19, Pa. 


DISTRICT OFFICES: BOSTON, CHICAGO, LOS ANGELES, NEW YORK, SAN FRANCISCO AND WOODWARD, ALABAMA 
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: 


non-profit, scientific and research association individuals 


and companies concerned with corrosion interested it, whose 
objects are: 


(a) promote the prevention corrosion, thereby curtailing economic 
waste and conserving natural resources. 


(b) 


provide forums and media through which experiences with corrosion 
and its prevention may reported, discussed and published for the 
common good. 


encourage special study and research determine the fundamental 
causes corrosion, and develop new improved techniques for its 
prevention. 


correlate study and research corrosion problems among technical 
associations reduce duplication and increase efficiency. 


promote standardization terminology, techniques, equipment and 
design corrosion control. 


contribute industrial and public safety promoting the preven- 
tion corrosion cause accidents. 


foster cooperation between individual operators metallic plant and 
structures the joint solution common corrosion problems, 


invite wide diversity membership, thereby insuring reciprocal 
benefits between industries and governmental groups well between 
individuals and corporations. 


incorporated association without capital stock, chartered under the 
laws Texas. Its affairs are governed Board Directors, elected the 
general membership. Officers and elected directors are nominated nomi- 
nating committee accordance with the articles organization. Election 
the membership. 

Inquiries regarding membership, and all general correspondence should 
directed the Executive Secretary the administrative headquarters the 
National Association Corrosion Engineers 919 Milam Building, 803 Texas 
Avenue, Houston Texas. 


Evansville, Indiana 


Houston, Texas 


919 Milam Building, Houston Texas 


Directors 
President 
Servel, Inc., Evansville, 
Vice-President 


Ohio State University, Columbus, Ohio 


Treasurer 


Humble Pipe Line Company, Houston, Texas 


Past President 


Union Oil California, Wilmington, Cal. 


Representing Active Membership 


Phillips Petroleum Co., Bartlesville, Okla. 

Day Company, Houston, Texas 

Shell Development Co., Emeryville, Cal. 


Davison Chemical Corp., Baltimore, Md. 


Representing Corporate Membership 


Dow Chemical Corp., Midland, Mich. 

United States Steel Co., Vandergrift, Pa. 

The Philip Carey Mfg. Co., Cincinnati, Ohio 

Pure Oil Company, Chicago, 


Aluminum Co. America, New Kensington, Pa. 


Representing Regional Divisions 


Consolidated Edison Co. Y., New York City 


FRANK WHITNEY, Central) 1950-53 
Monsanto Chemical Co., St. Louis, Mo. 


American Tel, Tel. Co., Atlanta, 


James Mavor Co., Houston, Texas 


Dept. Water Power, City Los Angeles, Cal. 


Directors Officio 


NOPPEL, Chairman Policy and Planning 
Committee 


Ebasco Services, Inc., New York, 


TED ZAJAC, Chairman Technical 
Committee 
Shell Oil Corp., New York, 


LaQUE, Chairman Publication Committee 
International Nickel Co., New York City 


BALDWIN, Chairman Regional Management 
Committee 


Johns-Manville Sales Corp., New York, 
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National Association Corrosion Engineers 
An Association of Individuals and Organizations Concerned with Control of Corrosion 


919 Milam Bldg. 


Houston Texas 


No. 


Education Committee Aims Demonstrate 


Importance Corrosion Technology 


NORMAN HACKERMAN 


Chairman, Committee Education 
National Association Corrosion Engineers 


COMMITTEE Education was set Dr. 

Mears August, 1949 during his tenure 
president National Association Corrosion Engineers. 
that time four members NACE were appointed 
committee and since then two additional appointments 
have been made. The committee now consists the follow- 


ing: 


Fontana, Ohio State University, Columbus, 
Ohio 

Norman Hackerman, (Chairman), University 
Texas, Austin, Texas 

Pearson, Sun Oil Company, Bishop Hollow 
Road Newtown Square, Pennsylvania 

Uhlig, Massachusetts Institute Technology, 
Cambridge, Massachusetts 

van Rysselberghe, University Oregon, Eugene, 
Oregon 

Aaron Wachter, Shell Development Company, 
Emeryville, California 


planned enlarge the committee each region 
NACE will represented least one member. 

First objective the committee was foster Short 
Courses Corrosion various educational institutions. 
The primary purpose such courses was provide 
general background the theories corrosion and prac- 
tice its prevention and provide information recent 
developments the field. has been assumed registrants 
would come from industry for the most part and the 
courses have been designed with this mind. Through 
the committee the NACE has co-sponsored three short 
courses and one regularly scheduled credit course. 

Short courses have been held the University Texas 
September, 1949, Case Institute Technology 
September, 1950 and Massachusetts Instiute Tech- 
nology June, 1951. Each lasted week and consisted 
nine sessions each several sub-divisions the 
subject. Each session about three hours duration was 
conducted person well informed the field corro- 
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sion generally and expert the specific topic considered. 
That these courses appeared fill real need was dem- 
onstrated attendance 100-125 each. 

The scheduled credit course given during the past 
academic year Stevens Institute Technology for 
regularly matriculated students was open also industrial 
workers payment special fee. Lectures were 
scheduled weekly members the Institute staff and 
were supplemented evening lectures specific topics 
experts the field. 

view the great interest shown the short courses 
date the committee feels two such courses can offered 
each year localities not too close each other. For 1952 
arrangements are under way co-sponsor courses the 
Los Angeles area probably February, and the 
Louis area September. 


The long range objective the committee 
demonstrate educational institutions there exists 
flourishing and important field technology; one 
which capable, well-trained personnel are needed. 
the institutions can convinced this need, 
likely they will amenable the establishment 
regular credit courses corrosion their cur- 
ricula. Another objective unrelated formal courses 
develop lists capable speakers and topics for 
use NACE sections and regions programs. 
This includes providing information popular talks 
such might given radio television and 
keeping date list motion pictures especially 
devoted the subject corrosion. 


The committee would appreciate receiving comments, 
advice and criticism the members NACE. realizes 
that does not have available its files information con- 
cerning all the educational activities the NACE 
sections and regions. believes that with this information 
could much better job and would appreciate 
hearing anything which might considered pertinent 
its activities. 
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Economics Rectifier Installation 
For Cathodic Protection Bare Pipe 


GLASS 


Introduction 


PURPOSE this article relate actual 
experiences with the protection bare pipe and 
external corrosion over interval approximately 
ten years. These experiences should verify few 
fundamental principles which are indispensable 
the application cathodic protection bare pipe 
lines means rectifier installations and show 
what can expected under certain conditions. 
Experience has proved there standardized 
method for cathodic protection any installation 
because local conditions dictate the course action 
most likely meet all requirements. 


History Development 


1930 crude oil trunk pipe line was laid from 
Van, Texas, the Smiths Bluff Refinery The 
Pure Oil Company Nederland, Jefferson County, 
Texas. The total length line approximately 211 
miles and miles the system the Smiths Bluff 
terminus was laid through areas subject frequent 
flooding and irrigation for the cultivation rice; 
consequently the pipe line under water several 
weeks succession. 

New 1034-inch pipe weighing 34.24 pounds per 
foot with wall thickness .307-inch was furnished 
for the line. Pipe was delivered foot lengths 
with double bell-end joints equipped with centering 
“chill rings,” and was joined the electrical 
welding process. 

The line was buried average depth inches 
and laid bare, was the consensus the time 
construction that coating was necessary, and that 
corrosion would taken care the added wall 
thickness the pipe. The system was designed 
operate maximum pressure 1000 psi and capac- 
ity 45,000 barrels per day. 

The first leaks developed 1936 the 18-mile 
section through the irrigated rice country and 
1938, leaks had developed and 
amount oil had been lost. the result these 
operating difficulties was deemed advisable in- 
vestigate possibility preventing external corrosion. 

“long line current” survey was made the en- 
tire system and many places which were indicated 
“hot spots” the survey, the line was lifted, 
thoroughly cleaned and inspected, Results the in- 
spection indicated that survey data could relied 
upon and that steps must taken halt corrosion 
economical and uninterrupted operation the line 
was continue. 


* A paper presented at the Seventh Annual Conference and Exhibition, 
National Association of Corrosion Engineers, New York, N. Y., March 
13-16, 1951. 


GLASS, Chief Corrosion Engineer for 
the Transportation Division The Pure Oil 
Company, devotes his time corrosion and 
maintenance problems, graduate the 
Ohio State University, Department Chemical 
Engineering, was employed the Texas 
Company Marrero, Louisiana, before joining 
Pure 1936 its Toledo Refinery. 1937 
was transferred the Pipe Line Division 
working corrosion problems Pure’s Pipe 
Line Divisions. 1942, reserve officer, 
reported active duty the Air Corps, 
and returned Pure 1946 his present 
capacity. Director NACE and member its Policy ond 
Planning Committee. 


Abstract 


report 10-years’ operating experience with rec- 
tifiers for cathodic protection 10-inch crude oil 
pipe line the Texas-Gulf Coast area. This paper 
describes design the system, including 2300 volt 
overhead distribution line which 
parallel and adjacent the pipe line, performance 
data rectifiers which are placed three per mile 
pipe line protected, experience with ground beds, 
current requirements maintain protection, bond- 
ing procedures with parallel and/or crossing foreign 
structures, and leak frequency. 

economic study made the system based 
upon investment charges, operating and maintenance 
costs, and actual power costs. 


Reconditioning renewing the Gulf Coast section 
the line would necessitate its being taken out 
service frequently and work could economically 
performed only when the rice fields were not under 
cultivation irrigation. 

Faced with the problem protecting the line 
place and not knowing current and voltage require- 
ments protect given length bare pipe, experi- 
ments were made detemine the feasibility and 
probable advantages installing cathodic protection. 
Temporary ground beds junk pipe were installed 
and field tests made, utilizing gasoline engine driven 
welding generators for the direct current source. 

Pipe-to-soil potential readings were taken 
and during preliminary tests using the saturated 
copper sulphate reference electrode and high re- 
sistance volt meter. taking pipe-to-soil potential 
readings the electrode was positioned directly above 
the pipe and the surface the soil. 

Experimental data indicated that three 
installations per mile would required 
optimum current distribution necessary for raising 
pipe-to-soil potentials approximately volt 
negative attempt was made determine 
the criterion for complete cathodic protection, but 
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the assumption was made that most the corrosion 
would stopped this potential difference could 
maintained. Based upon results the test, approxi- 
mately amperes direct current per mile would 
necessary protect one 10-inch bare pipe. 

The major problem application was deter- 
mine the voltage and current needed one point 
supply and determine the number points 
was found convenient use direct sources 
and was considered advisable install these 
sources intervals for adequate capacity. 
Twenty-five ampere units were selected meet re- 
protecting crossing parallel under- 
foreign steel structures. 


Soil Conditions 

Soils the extreme south end the line are pre- 
coastal prairie (gray black clay 
the north end the section the soils are dispersed 
with fine sandy loams with dense clay sub-soils, and 
alkali knolls exist. Average soil resistivity 
vas 1638 ohms per cubic centimeter. 


Early Maintenance History 

The cost for reconditioning and coating several 
hot spots done with existing equipment 1936-37 
other sections the trunk line approximated 
cents per lineal foot pipe. This method was origi- 
nally employed endeavor stop pipe corrosion. 
Experience indicated, however, that this method 
when used alone was entirely inadequate and the 
recurrence the coating operation could an- 
ticipated. 

Leaks continued develop the system; leaks 
occurred 1938 and 1939, and awaiting the 
results the test installation, the hot spot recondi- 
tioning program continued through 1938-39 sec- 
tions the line other than the irrigated coastal 
country. 

was recognized that corrosion prevention ex- 
periments such these were costly for the operating 
department and that was difficult forecast the 
time required develop facts, possibly lapse 
years between initial installation and completion 
the test. 


often the case, this project involved the prob- 
lems of: 


project protecting bare pipe the risk con- 
siderable loss since the effectiveness the instal- 
lation could only assumed. This method would 
require minimum cash outlay and larger yearly 
operating expenditures. 

The investment minimum $100,000 re- 
conditioning and coating, with prospects small 
yearly operating cost. 

Make investment the risk excessive oper- 

ating expense due deferred maintenance. 


The course action this case was further di- 
rected toward application cathodic protection 
the pipe line place, resulting smaller cash 
outlay than that required recondition and coat the 
connection with the latter operation, experi- 
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ence had shown that several instances the line 
parted the welds while being lifted from the ditch. 

the result preliminary study was decided 
1939 apply cathodic protection miles 
the Gulf Coast construction power dis- 
tribution line supply current for large number 
small capacity rectifier units. 


Power Distribution Line: 

general the distribution line 
structed parallel and adjacent the pipe line, pat- 
terned after the REA grounded neutral system and 
was constructed two sections: one eleven miles 
long and the other approximately seven miles. This 
was necessary because failure obtaining pole 
line right-of-way through cultivated areas. Two sep- 
arate metering points were 

two-wire 2300-volt 60-cycle single phase 
grounded neutral type transmission line furnished 
primary alternating current the rectifiers. 

Two No. high strength conductors were used 
and the line served through one-to-one ratio iso- 
lating transformer permit grounding one side 
the distribution line without establishing grounded 
conditions the utilities company system. The 
span length averaged 435 feet and Class Six 35-foot 
creosoted poles were used with storm guys installed 
each mile. 


Main Service Transformers: 

Main service transformers are the self-protected 
type. One rated kva served the seven mile 
section power line, and the other rated kva 
served the eleven mile section. Primaries were 
wound for 2400 volts secondaries 
were wound for 2400 volts, grounded. 


Cathodic Protection Units: 

total cathodic protection units for the 
two sections are fed from the 2300 volt line in- 
tervals approximately Each unit consists 
main transformer, copper oxide rectifier and 
ground bed. 


Distribution Transformers: 

Each the distribution transformers for the 
rectifier units are the oil-immersed, self-cooled type 
designed for outdoor service and completely self- 
protected. They are rated kva, 2400 240/120 
lightning arrestor mounted each and 
red signal light the side the transformer was 
provided indicate when and overload conditions 
existed. 


Rectifiers: 


The rectifier units proper rated volts and 
amperes were air-cooled copper oxide type and 
were enclosed weather-proof sheet metal cabinets 
arranged for pole cross arm mounting. The unit 
consisted transformer further reduce the 120 
volts lower voltage required for rectifier DC. 
Provisions were made for suitable number volt- 
age taps meet output requirements. Each rectifier 
switch panel equipped with volt meter and 
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ammeter and stacks are fused both and 
sides facilitate isolation faults. The unit 
mounted convenient height permit inspection 
and overhauling from the ground. 


Connections for the side the rectifier the 
pipe line and ground beds are made with either bare 
insulated 2/0 conductor and the positive over- 
head underground with suitable insulation, dic- 
tated local conditions, 


Ground Beds For Anodes: 

Ground beds are installed approximately 150 feet 
away from and perpendicular the pipe line 
order obtain suitable spread current the 
line. Experiments showed that these installations 
little was gained increasing the distance 
the anode beyond 150 feet from the bare pipe. Where 
feasible, ditching machines were used for installing 
horizontal ground beds and approximately 275 feet 
10-inch pipe was used for each rectifier 
location. The amount steel used was based upon 
calculated life years for each ground bed 
rated rectifier output. 


Operating Problems and Data: 

The cathodic protection system 
operation 1940 and all operators pipe lines 
the area through which the system was installed 
were notified order that joint survey could 
made determine the effect the installations 
foreign structures. Approximately crossing and 
parallel pipe lines were involved this network, 
most cases the procedure adopted was insert 
resistance bonds and drain current necessary raise 
pipe-to-soil potentials foreign structures 
above those which existed before the system was 
placed operation. Bonding was done with various 
sizes copper conductors and Nichrome wire used 
for varying resistance. the result the bonding, 
approximately 225 amperes was drained from cross- 
ing pipe lines. This was thought advisable because 
the possibility serious damage which might 
occur the crossings. This procedure proved satis- 
factory since leaks have been reported any 
the bonded crossings during years’ operation 
the system. 

order reduce power line maintenance costs 
resulting from frequent blowing fuses during 
electrical storms, was found necessary install 
additional lightning arrestors the 2300 volt trans- 
mission line. One arrestor was placed each trans- 
former and seven additional arrestors were placed 
each the two sections power line. 

average cutout fuses per year have been 
replaced. This does not mean that the entire line 
was knocked out since sectionalized having 
cutouts five different locations, Cutouts are 
checked three times weekly and fuses are replaced 
required. 

Prior 1946 there were but three breaks the 
power line; one caused lightning, one falling 
tree, one drag-line boom. Since 1946 numerous 


breaks have occurred due deterioration the 
high strength strands the For example, 
occurred 1950, with three mile section 
the line. This three mile section has since been 
replaced with new wire. 


TABLE 
ANALYSIS EXPENDITURES 
For Installation Cathodic Protection Approximately Miles 


Right Way 2,323.23 


Power Line Contract (Approx. Mi.) 9,249.14 
Rectifiers 10,062.75 
KVA Transformers 2,736.00 
1-15 KVA Transformer 172.80 
KVA Transformer 120.24 
5000 copper conductor (Underground) 1,150.00 
7000 ft. 2/0 copper conductor (Bare) 566.29 
170 tons Scrap Pipe for Anodes 3,290.14 
Carbon Anodes 454.97 
Electrical Material, Pole, Hardware, 1,473.75 
Miscellaneous, Crossarms, Tools, etc. 1,298.20 
Labor, Automotive and Travel Expense 13,343.94 
Total Installation Cost $46,241.45 


Following break-down expenditures ‘or 
maintenance power transmission line and rectifiers 
for the period 1940 through the year 1950: 


TABLE 
Transmission Line: 
Miscellaneous Conductor Lightning 
Arrestors, Fuses, Hardware, etc. 500.00 
Labor and Travel Expense 16,500.00 
Automotive Equipment 3,750.00 


Sub-Total 20,750.00 


Transformers: 
Repairs due lightning, etc. 117.50 
Labor and Travel Exp. for Maint. 
Automotive Equipment 290.00 
Sub-Total 1,811.50 
Rectifiers: 
Replacement Parts and Paint 621.30 
Labor and Travel Exp. for Maint. 
Automotive Equipment 380.00 
Sub-Total 3,206.30 


Total For Above 25,767.80 


Ground Bed Repairs and/or Replacements 


Year No. Repaired and/or Replaced* Expenditures 

1942 305.00 

1944 2,509.13 

1945 relocation necessary) 

1946 3,784.03 

1949 12,948.04 

1950 4,055.16 

Total 24,391.36 


Grand Total Maintenance and Operating 


Cost for Years (Excluding Cost) 50,159.16 


* Total number ground beds replaced as of January 1, 1951—35. 


study leak records for the bare section under 
cathodic protection indicates that since January 
1940, eight leaks have occurred three locations. 
one the locations, leaks had occurred prior 
application cathodic protection and six the total 
eight leaks occurred site where the pipe was 
found have been severely corroded, and pipe 
placement seemed inevitable unless corrosion 
stopped. Two the six leaks occurred within 
few months after cathodic protection was 
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and reasonable assume that they occurred 
coincident with increase line pressures. Two oc- 
1943 and two 1947; all the same 
vicinity. One the other leaks occurred 1946 
and the last leak occur the entire system was 
1948. Despite the existing poor condition the 
pipe, new leaks have developed any section 
where cathodic protection has been applied. 
Between January 1946 and January 1951, only 
leaks have occurred the 211-mile trunkline 
one these occurred the site previous 
rouble and included those mentioned above. 
Table indicates that power cost alone for pro- 
bare 10-inch pipe approximated $74.77 per 
1941, and decreased $31.90 per mile 
decrease approximately 57.3 percent. 
indicates that power costs for protecting 
pipe decreased approximately 25.8 percent 
1946 
Comparison between Tables and shows great 
mtrast, the power cost 1950 for protecting 
ire pipe approximates $31.90 per mile/year and for 
rotecting coated pipe $3.87 per mile/year. course, 
evaluate these figures the fact must also take into 
msideration that the cost reconditioning, coating 
and wrapping was $1.29 per lineal foot pipe* and 
installation cost for six cathodic units 186 
coated pipe was $5743. 


Tables and show cost approximately 
for the protection miles bare pipe 
means rectifier installations over interval 
years. 

upon power costs shown above, eco- 
the system are apparent; however, there 
are many intangibles such provisions for interest, 
depreciation and taxes, which may vary the final 
economic status, 

addition the foregoing, consideration should 
given minimum current requirements, life 
various type coatings, over-all depreciation rate 
the pipe line system, the business cycle, physical con- 
ditions the pipe, power interruptions, etc., and 
is, therefore, difficult evaluate the economics 
cathodic protection for bare pipe installations with- 


Based on 784,402 lineal foot (148.6 miles) of pipe—1943, 1944, and 
1945, 


TABLE 


Power Cost for Cathodic Protection Approximately Miles 
Bare 10-Inch Pipe 
Total Rectifiers—2 Metering Points 


| Average | Average Power | Cost/ 
Indicated | Cost | Cost Mile 
Output, Total Per Per Year Per Year 
YEAR | Ampere KWH | (c) ($ } ($) 
858* 2.29 74.77 
841 9,68 2.29 1,369.2 76.07 
744 67,553 | 2.03 1,373.56 76.31 
623 52,420 2.19 | 1,146.40 | 63.69 
543 44.980 | 2.24 | 1,006.59 55.92 
528 23,060 667.77 37.10 
506 13,920 | 3.69 } 513.41 28.52 
410t 14,680 | 3.68 | 539.93 29.99 
446 | 16,700 | 3.44 | 574.28 | 31.90 


2.1.6 MA/Sa. Ft. 
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TABLE 


Recap Expenditures for Cathodic Protection Miles 
Bare 10-Inch Pipe With Rectifier Installations 


From 1940 Through 1950 


= 

| | Cost Cost Cost Cost Cost per 

Mile per Mile per Ft. Pipe 
Mile Year Year Month Protected* 


Installation Cost.| $ 46,241.45 | $2,568.97 

Maintenance 
Cathodic Pro- 
tection System 

Power Cost... 


per per 


50,159.16 
10,870.58 | 


2,786.68 
603.92 


4,560.01 | 253.33 21.1 -529 
988.23 | 54.90 | 4.57 114 


11 Year Total..| $107,271.19 | $5,959.57 | $9,752.01 | $541.77 | $45.12 | $1.129 
| | | 


* Average Cost for Data in Column I. 


TABLE 


Current Requirements and Power Cost for Cathodic Protection 
186 Miles Coated 10-Inch Pipe Van Smiths Bluff, Texas Trunk 
Line* 


1946 1951 
Length Line—186 Miles 
Number Rectifiers Required—6 
Average KWH Consumption/Month 1992 
Average Power Bill/Month $80.92 
Average Cost/ KWH 
Total Output 116 Amp. Amp. 
Average Required/Mile .62 Amp. .53 Amp. 
Average Power Cost/Mi/Mo .435 .323 
Average Power Cost/Mi/Yr 5.22 3.87 


$60.00 


* Sections of the trunk line were reconditioned, coated with 3/32” 
average coal tar enamel and asbestos wrapped in 1943, 1944, and 
completed in 1945. 


out thorough study. can concluded, however, 
from study data presented that: 


economically feasible extend the service life 
bare ten-inch pipe the use cathodic protection. 

substantial saving can realized the operating cost 
new lines the use minimum weight pipe designed 
for maximum operating pressure with the exterior prop- 
erly coated when the line laid and with proper appli- 
cation cathodic protection. 

protection bare pipe under conditions 
discussed effective reducing the number leaks. 

The design cathodic protection system for bare pipe 
should not based upon the performance single 
test installation. 


wm 


develop basis for sound corrosion prevention 
program, desirable make complete survey and 
start several field trials soon line 


DISCUSSION 
Questions Maitland, American Telephone 
Telegraph Co., New York: 


What changes were made the bonding connec- 
tions other structures area? 


current over percent total rather 
unusual for protection other 


Have measurements been made determine cur- 
rent from bonds since original 


Author’s Reply: 


not clear what the questioner had mind 
this question. 


not believed unusual that percent total 
current was drained from other structures when con- 
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sideration given the number foreign struc- 
tures involved. 

After the first two years’ operation, few random 
checks have been made determine functioning 
the bonds. The remainder are undisturbed. 


Questions Mort Fever, Public Housing Ad- 
ministration, Washington, C.: 
What was thickness and material used for coat- 


ing 186 miles pipe? 
What was maximum potential over 186 miles? 


Author’s Reply: 

Three thirty-seconds inch average thick- 
ness coal tar enamel, hot applied and wrapped with 
coal tar saturated asbestos wrapping. 

Maximum pipe-to-soil potential over 186 miles 
coated pipe was 3.7 volts (1946) the vicinity 
ampere rectifier. 


Question Hugo, Phillips Petroleum Co., 
Bartlesville, Okla.: 

What was the age coating the 186 miles under 
cathodic protection? 


Author’s Reply: 

Dates application coating indicate that short 
sections coating were applied 1938 and the job 
completed 1945. Consequently some the short 
sections had been coated eight years prior applica- 
tion cathodic protection. 


Question Lyle Sheppard, Shell Pipe Line Corp., 
Houston, Texas: 


What type coating inspection was used? 


Author’s Reply: 


Some coated sections were inspected 
holiday detector utilizing Model-T Ford coils and 
batteries. Toward the completion the job engine 
driven holiday detector was used with rolling spring 
electrodes. 


(AUTHOR’S NOTE: believed answers 
other questions asked may found the text 


the paper.) 


ERRATUM 


Cathodic Protection Technical Practices. Bulletin 
Correlating Committee Cathodic Protection 
Corrosion, No. 202-209 (1951) June. 


Page 208, Appendix Reference No. 39, Line 


Change read: 


Corrosion, 3, 539 (1947). 


Changing page number from 359 539. 
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Filamentary Growths 


Metal 


Introduction 


URING THE early part 1948 information 
was received the Bell Telephone Labora- 
tories that trouble unusual nature had devel- 
ped some the channel filters used the carrier 
systems. These filters are essentially net- 
designed maintain the frequency bands as- 
signed the various channels multi-channel 
line. this maintenance band 
critical, considerable pains are taken the fabrica- 
‘ion the filters. The quartz crystals are sealed 
vithin glass envelopes, the associated capacitors 
inductances carefully shielded and the compon- 
ents assembled and wired room maintained 
relative humidity per cent less. After wiring, 
the assembly placed steel can and the whole 
hermetically sealed with solder. 


Electrical failure filter directly affects the op- 
eration transmission channel and this type 
trouble cannot tolerated. Emergency removal 
filter and replacement with another unit re- 
quired order maintain service. 


Following removal, the filter sent the Quality 
Assurance group the Laboratories for examina- 
tion the cause failure. Frequently when such 
filters were tested subsequent shipment the 
laboratories, source trouble could located 
and the units were found operate satisfactorily. 
After this had occurred several times, the trouble 
was finally traced the presence microscopic, 
discreet filaments generally perpendicular the sur- 
face the metal, which had bridged across critical 
spacings between components the filter. These fil- 
aments were sufficiently conductive, the order 
400 ohms, that low impedance paths had been estab- 
lished, effectually short-circuiting elements the 
network. Extremely small and fragile, the filaments 
were easily broken dislodged, thus explaining why 
filters removed from service frequently were found 
trouble free when put under test after ship- 
ment. Figure shown one the filters while 
Figure shows more clearly one the critical spac- 
ings across which filaments actually bridged. Fig- 
ure shows somewhat enlarged view the bridg- 
ing filaments filter removed from service. 


the trouble had been traced the presence 
these filaments, was recalled that suppliers oc- 


* A Paper presented at the Seventh Annual Conference and Exhibition, 
of Corrosion Engineers, New York, N. Y., March 
ol. 


* Members of technical staff, The Bell Telephone Laboratories, Mur- 
ray Hill, New Jersey. 
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Abstract 


Filamentary growths have been found metal sur- 
faces some the parts used telephone com- 
munications equipment, particularly parts 
shielded from free circulation air. The growths are 
the same character those known “whiskers” 
and which developed between the leaves cadmium 
plated variable air condensers, causing considerable 
trouble military equipment during the early part 
World War II. 

investigation has been under way attempt 
determine the mechanism growth the whis- 
kers, found not only cadmium plated parts but 
also other metals. This paper summarizes the 
findings date revealed the study approxi- 
mately one thousand test specimens different 
metals, solid and plated, exposed under various en- 
vironmental conditions. The study being extended 
the light the findings which have developed 
during the course the work. 


While the whiskers normally are not found 
parts such condenser leaves for some time, often 
months, after being electroplated, possible, 
increasing the ambient temperature, accelerate 
their growth that they will develop matter 
weeks. avoid the introduction additional 
variables which often attend accelerated methods 
test, the greater part the present work being 
carried out temperatures attained equipment 
operating under normal exposure conditions. 


The effects humidity and the presence vari- 
organic materials, different film thicknesses and 
methods application, surface preparation and sup- 
plementary treatments, chemical and physical prop- 
erties and X-ray studies structure are discussed 
the paper. 


casionally had had trouble with the development 
filamentary growths known “whiskers” between 
the cadmium plated leaves variable air condensers. 
While this phenomenon was known exist the 
case cadmium plated metal, the filter parts referred 
had been zinc plated. Nevertheless, the growths 
appeared the same type and was decided 
study their mode formation and extend the 
study determine whether similar growths might 
develop metal surfaces other than cadmium 
zinc. 
While the work has not been completed was 
decided the preliminary results the 
study the light the present world situation. 
These growths cadmium plated con- 
densers caused trouble military equipment dur- 
ing the early part World War II. considerable 
volume material for the Armed Forces, suscep- 
tible this type growth, now being maintained 
standby condition and must function without ques- 
tion delay should crisis develop. Furthermore, 
large quantity military material presently 
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Figure 2—Gap across which filaments actually bridged 


being manufactured, much embodying electrical 
circuits, some thought will have given the 
design and the finishes the metal components 
order avoid conditions favorable the growth 
these whiskers. Complete failure piece 
equipment could result because low impedance 
short circuit caused the presence these fila- 
mentary growths critical point circuit. 


Published Data 


Actually there very little information the lit- 
erature concerning these other than 
article This problem does not concern the 
filmy white mosaic-like growths sometimes found 
cadmium zine surfaces, nor type “blister- 
which develops such surfaces and described 
Bowerman.’ This specifically pointed out since 
number published articles and private communi- 
cations which reference was made are concerned 
with these aspects the corrosion problem and not with 
the filamentary growths the type discussed herein. 

true that some the treatises chemistry, 
such that mention filamentary growths 
metals, e.g., silver the presence sulfur, 
but such growths are produced only under excep- 
tional conditions environment temperature. 
Liebhafsky* refers needles which sometime form 
vacuum tube leads during the annealing process. 
Here again this under very specific conditions and 
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Figure 3—Close-up whisker bridging gap between condenser post and 
mounting plate before and after application voltage 


Schenck, Fricke and Brinkman’ refer “hair crys- 
which they observed, but these were formed 
when metals such copper silver were heated 
with the corresponding metal sulfides. 

Kiplinger® describes method growing metal 
crystals from solution the metal salt, 
ticular tin crystals grown from tin chloride solu- 
tion. However, was found that this procedure 
veloped crystals which were much coarser than the 
whiskers and were quite unlike them appearance. 

Description the “Whiskers” 

The whiskers whose presence adversely affected 
the operation the filters and which were 
sible for the present study, had developed 
rolled steel parts which had been plated. While 
not visible when casually examined, illumination with 
intense light beam disclosed the presence 
numerous strongly reflecting filaments the metal 
surfaces question. Examination magnification 
revealed the discreet nature ‘he 
filaments. They were quite flexible and moved ‘he 
slightest air current. While general fi- 
bers had developed perpendicular the plane 
metal surface, there were also radiating 
fibers various points. 

The length varied, some the whiskers being 
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short that they were hardly from 
irregularities the metal surface, while others had 
developed length over inch. The di- 
ameter appeared nearly uniform from base 
tip, later found approximately microns (80 
inches). That they were not cylinders was 
shown when individual fiber was rotated its 
axis and illuminated narrow light 
Distinct facets revealed themselves with al- 
reflections and extinctions. 


Some the fibers were removed and tested for sol- 
Water and various types organic solvents 
ere found have effect. The whiskers did dis- 
aqueous per cent hydrochloric acid 
and completely disintegrated when exposed 
situ vapors hydrochloric acid. 

Examined under ultra violet light there was 
fluorescence, nor was there any evi- 
ence charring when incandescent platinum 
was brought close individual fiber. In- 
-tead, the heat converted the latter white ash. 
probe brought near fiber caused deflection over 

considerable Application potential ap- 
volts more caused the individual 
disappear. 

The first filter units examined and found have 
whiskers present had been service approximately 
year. these the steel details had been zinc plated 
thickness 0.0002 inches. Shortly after, was 
that whiskers had developed units which 
had not been service, but had been stored for 
period 8-9 months. Evidently electrical po- 
difference was not necessary for whisker 
growth had been suggested when trouble first 

prior this time whisker growths had been 
associated chiefly with cadmium plated parts, the 
arose whether the coating con- 
tained cadmium. Also was known that mercury 
vas sometimes used addition agent 
plating baths improve the appearance the de- 
posit. Analyses indicated that there was mercury 
and less than 0.03 per cent cadmium present the 


Preliminary Work 


this time attempt was made develop 
whisker growths the laboratory. was now 
evident that these growths could develop both 
cadmium and zine plated parts, was decided 
include the study few other commonly used 
metals. Metal specimens were plated and fastened 
pieces phenol fiber. This last was 
cause organic material the form insulation and 
mounting strips had been present the affected fil- 
ters. The assemblies, glass containers, were main- 
tained degrees Fahrenheit relative humidity 
per cent. after three months 
was found that numerous whiskers had developed 
not only cadmium and plated specimens but 
also parts plated with tin. 

was then decided expand the program still 
include both solid metals and electroplated 
coatings range thicknesses, with various or- 
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Figure 4—Container and specimens used study 


ganic materials contaminants. Exposures were 
made under several humidity-temperature combina- 
tions, although, avoid the introduction addi- 
tional variables often associated with accelerated 
testing, the greater part the study has been car- 
ried out temperatures maintained equipment 
operating under normal conditions. the present 
time approximately one thousand specimens have 
been included this study. 


Experimental 


The type specimen found most convenient was 
cut from 1/32 inch metal stock, 1™% inches 
side, and bent the center form right angle. 
Following the desired preparation, the angles were 
supported glass stands and these turn placed 
pint glass topped preserve jars. The organic con- 
taminant finely divided form was contained 


TABLE 


Electroplated Metals* Solid Metals 


Nickel Nickel 
Copper Copper 
Silver Silver 
Zinc Zinc 
Cadmium Cadmium 
Tin Tin 
Solder! 


Aluminum Alcoa 3S alloy? 
Aluminum Alcoa 24S alloy3 


* Each plated in 3 thicknesses—.00005 inch. 
.0002 inch. 
.0005 inch. 

145% Sn—55% Pb Solder. 

21.2% Mn, Remainder Al. 

34.5% Cu, 6% Mn, 1.5% Mg, Remainder Al 


TABLE 
Organic Materials Used Contaminants 


A phenol formaldehyde product widely used for 
terminal strips and other electrical equipment. 
An aceto-butyrate materials used for telephone 
handsets. 
A methyl methacrylate product used for panels 
and supports for electrical parts. 
Varnished Cambric Sleeving.) A cotton tabric impregnated with an oleoresin- 
| ous varnish and baked. Used as an insulating 
covering for wire. 
A high sulfur vulcanized rubber. 
A resin-modified cellulose nitrate lacquer used as 
a finish on various types of communications 
equipment. 


Phenol Fiber. ... 
Tenite.... 


Plexiglas. . 


Hard Rubber..... 
Lacquer...... 
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glazed porcelain crucible the bottom the jar. 
Figure shows one the jars, and glass stand 
with the specimens place. 


determine general the influence tem- 
perature and humidity susceptibility whisker 
growth, and particular whether temperature 
changes condensation moisture were necessary, 
four conditions were maintained follows: 


Temperature maintained constant 110° 

Initial relative humidity containers per 

relative humidity containers per 
cent 

Temperature cycled between 80° and 110° F., 

two cycles per day with temperature change 

degree per minute the end each cycle. 

Initial relative humidity containers per 

relative humidity containers per 
cent 

Table are shown the metals, both electro- 
plated and solid, which were first included the 
study. Each the metals was electroplated three 
0.0002 and 0.0005 inches, de- 
termine whether whisker growth was function 
coating thickness. Other materials were added sub- 
sequently. 

Table are listed the organic materials used 
contaminants. With the exception the lacquer, 
these were exposed the form fine drillings con- 
tained porcelain crucibles within the glass contain- 
ers. The crucibles containing lacquer were filled and 
then inverted, leaving only coating the inside 
walls. Allowed stand freely exposed for hours, 
most the solvent evaporated prior use. For pur- 
poses comparison number test jars were in- 
cluded which there were organic materials 
any kind. 

the work progressed and more observations 
were made, number questions arose and addi- 
tional tests were started from time time. Tin de- 
veloped the whiskers even greater extent than 
had zinc cadmium and, the type organic con- 
taminant did not appear factor, the greater 
part this later work was carried out with speci- 
mens plated with thin coating tin (0.00005 inch) 
exposed relative humidity per cent the 
presence phenol fiber. 

The reasons for including number these speci- 
mens may not self evident and may well 
point out here some the questions which arose 
early the study and which seemed require at- 
tention before proceeding too far. First, certain 
that initially there were whiskers present follow- 
ing plating, specimens were examined immediately 
after being removed from the plating bath. Found 
free whiskers, they were put under test and after 
several months were found have developed the 
whisker growths. further precaution, plated 
specimens were immersed hydrochloric acid fol- 
lowing the plating operation, rinsed and put under 
test. Again whiskers developed. 

That increase temperature will accelerate the 
growth whiskers was shown maintaining tin 
plated steel specimens high relative humidity 
temperature 160° instead 95° Whiskers 
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were found have developed matter less 
than weeks. mentioned earlier, however, the 
major part the work was carried out lower 
temperature. 

During the first part the investigation, whiskers 
were found only electroplated iron, and the ques- 
tion naturally arose whether plating itself was 
some way responsible for the growths, and also 
whether iron base metal was necessary. The fol- 
lowing types specimens were prepared answer 
these questions: 


Tin applied bare steel methods other than 
electroplating 
Hot dipped 
Sprayed 
Vaporized 


Tin applied surfaces other than bare steel 
methods other than electroplating 
Evaporated onto mica strip 
Evaporated onto coated specimen 
Evaporated onto black oxidized steel part 
Tin electroplated surfaces other than steel 
Brass plated with tin 
Brass first iron plated and then tin plated 
Steel first copper plated and then tin plated 


known that electroplated metals are 
under considerable strain, the point was raised 
possibly the tin might such unstable con- 
dition that the whisker growth accompanied phys- 
ical change the coating gradually changed 
more stable form. Accordingly, some the 
plated steel specimens were heated vegetable oil 
250° for minutes determine whether the 
usual fused tin coating was susceptible whisker 
growth. Other tin coated specimens were maintained 
165° for minutes and then slowly cooled 
effort relieve any strains. Still others were cold 
worked following plating and some waxed and pol- 
ished. 

While was noted that whiskers had developed 
electroplated tin container which initially 
there had been relatively low humidity, was 
thought that perhaps moisture sufficient cause the 
growths develop had been given the various 
parts the container. test jar was therefore pre- 
pared which, addition the specimens and the 
organic contaminant, dessicant, aluminum oxide, 
was present. 

Another container was prepared which there 
was organic contaminant but which were placed 
both dessicant and absorbent (aluminum oxide 
and activated charcoal respectively) attempt 
remove moisture and also any organic vapors. 

Rather early the study was found that tin 
plated specimens had developed whiskers the a)- 
sence organic contaminant. These 
however, had been plated bath containing 
sulfonic acid and there was the possibility that or- 
ganic matter from the bath, retained the tin 
ing, might responsible for the growths. 
specimens were plated from alkaline stannate bath 
containing organic additives. Others were plated 
from bath made from reagent grade 
chemicals only, including sodium stannate, sodium 
hydroxide and hydrogen peroxide. 

the acid pickle prior plating might have hid 
some effect the surface structure conducive 
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whisker growth, some the specimens were tin 
plated without preliminary acid cleaning, being 
cleaned with carborundum powder abrasion only. 

The greatest whisker growths seemed have de- 
veloped specimens with the thinnest coatings. 
determine whether not the growths were actually 
function coating thickness, number larger 
size specimens were plated with wedge shaped coat- 
ings. For any one specimen then, thickness coat- 
was the only variable. 

Whiskers had been found zinc, cadmium and 
‘in plated surfaces. The metal indium lies between 
and tin the Periodic Table the Ele- 


TABLE 
Specimens Which Developed Whiskers Within Years’ 


Low High 
Relative Humidity | Relative Humidity 


Contaminant Present: 


Plating Thickness, Inches: 
0.00005 
0.0002. 
0.0005....... 
Solid Metal. . 

Organic Contamninant 
Present: 

Plating Thickness, Inches: 
EES ree Cd Zn Sn Cd Ag* 
0.0002. . Cd Zn Sn Zn Ag*® 
0.0005. ... Cu* Sn Cd Zn Ag* Sn Zn Ag* 
Solid Metal.. . Cu* Ag* Sn Zu Ag* Al? 


* On Silver and Copper whiskers developed only in presence of sulfur 


(hard rubber). 
1 Other metals being studied may also develop whiskers, but have not 


been under test for a sufficient length of time. 
2 Alcoa 750 aluminum alloy, 1% Cu, 1% Ni, 6.5% Sn, balance Al. 


TABLE 


Specimens Which the Present Time 
Have Not Developed Whiskers 


METAL 
——— -- Length of Time 
Plated Solid Under Test, Years 
2 
Aluminum (Alcoa 3S Alloy)... 2 
Aluminum (Alcoa 24S Alloy). . 2 
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* Except in presence of sulfur (hard rubber). 
1 A low tin, lead coated steel. 


TABLE 


Metal Metal Coated Specimens* 
Specially Prepared Treated 


None in 8 months 


None in 8 months 


None in 5 months 


None in 5 months 


Tin Plated, Mechanically 
Tin Plated, Maintained Elevated Temperature...... Within weeks 
Tin Plated Form thin end within 

ine Evaporated onto Mica, Zinc, Black Oxidized Iron 
Tin Plating Solution Residues None within months 
Evaporated onto None within months 
Cadmium Evaporated onto 


* On iron unless otherwise indicated. 


Developed Whiskers 


Figure 5—Whiskers tin plated steel 


Figure cadmium plated steel 


ments and was thought that this also might 
exhibit the phenomenon whisker growth. Accord- 
ingly, steel specimens electroplated with three coat- 
ing thicknesses indium were included. 

the cause whisker growth had not been 
established this point, the possibility was con- 
sidered that the growths might have developed 


Tin Plated, Acid Dipped Subsequent to Plating........ + 
Tin Plated, but Base Metal Abrasion-Cleaned 
Tin Plated in Bath Made Up From Reagent Grade me 4 


Figure silver plated steel presence sulfur 


Figure 9—Whiskers aluminum alloy 


aluminum casting alloy* (Alcoa 750 alloy, 
copper, nickel, 6.5% tin, remainder 
Accordingly, this material was added those al- 
ready under test. 


The specimens were examined intervals for the 
presence whiskers and the findings date are 
are shown the effects both humidity and the pres- 
ence organic contaminants, cycling the tem- 
perature having had effect. will noted that 
growths developed both copper and silver, but 
only the presence sulfur (hard rubber). These 
growths were unlike the whiskers found speci- 
mens other metals, being brilliant black, often 
dendridic tapered, stiff, about 1/32 inch long, 
and only areas which were severely tarnished. 
Figures show some the specimens which 
Figure solid zinc developed whiskers and which are referred 
Table III. Table are listed the metals which 
result displacement reaction the are free whiskers although, the case 
basis metal and traces entrapped plating solution. Some the specimens Table observation 
Thus, iron conceivably might react with residual longer period test may disclose the pres- 
salts, being converted the corresponding iron salt, growths. 
with tin precipitating filamentary form. Accord- Table summary the various supple- 
ingly droplets the tin plating solution, both dilute treatments and specially prepared 
and concentrated, were placed chemically cleaned well the observations date. will 
steel specimens and allowed evaporate. These noted, number the specimens have been 
specimens were then put under test. under test only short time and the picture may 
one further step toward determining the in- somewhat when later observations 
fluence the basis material, another type speci- made. Other materials very recently included have 
men was exposed. Paper was coated evaporating even been listed Table the time ex- 
metal while under vacuum. this treat- has been too brief any meaning. 
ment layer metal approximately 500 thick Figures and show two the specimens re- 
obtained. Samples paper coated were suspended ferred the 
Sometime after the study had been started, growths, individual whiskers were 
discovered that whiskers had been found pieces notch cut the small plastic detail shown 
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Figure film evaporated tin 


Figure 12, and X-ray diffraction patterns were 
obtained. was found that the most satisfactory 
patterns, weak best, were obtained using expos- 
ure periods hours more. 

The zinc and cadmium whiskers were found 
single crystals with close packed hexagonal 
structure, oriented with ortho-hexagonal axis 
parallel the long axis the fiber. While the tin 
whiskers appear tetragonal and twinned 
the orientation has not yet been fully established. 

Early the study tentative explanation for 
whisker growth was based the possibility 
impurity the metal precipitating from solid so- 
lution form separate phase. Analyses the 
metals involved, however, indicate relatively high 
purity, maximum impurities being the order 
0.02 per cent. felt that the volume whiskers 
formed many the specimens far too great 
result from such action. Furthermore al- 
ready pointed out, the X-ray data indicate the 
crystals the same metal that 
which they are attached. 


Discussion 


this preliminary report with considerable 
work under way and much more done, discus- 
sion results must necessarily brief and 
sketchy. may, however, worthwhile take 
stock the information which has become avail- 
able and which may help solving the prob- 
lem. 

The major problem course determine the 
mechanism whisker growth. Why these fila- 
ments develop some metal surfaces, under cer- 
tain conditions, sometimes only after matter 
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Figure for X-ray studies single whiskers 


years? The answer will undoubtedly point meth- 
ods preventing the growths. This latter very 
practical immediate concern, particularly where vi- 
tal electrical circuits are involved. 

There also the question, least academic 
interest, why such growths have not been 
more widely encountered the past and why there 
available such limited amount information. 
This may partly answered when the fragility 
the whiskers considered. Slight mechanical 
shock, air currents moderate electrical potential 
are all that are required free surface the fila- 
ments. Further, even electrical assembly, un- 
less critical spacings and sensitive circuit are 
involved, presence the whiskers could easily 
undetected. 

mentioned previously, many the specimens 
and treatments were included answer specific 
questions the conditions required for the 
growths develop, while others were included 
shed some light the actual growth process itself. 


Figure 11—Whiskers tin plated steel. Tin waxed and polished 
f 
4 
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While some answers have been obtained additional 
questions have arisen. 


Neither environment high relative humidity 
nor one grossly contaminated with organic material 
necessary, the whiskers have developed under 
conditions normally considered dry and free con- 
tamination. Whether dessication the atmosphere 
and removal all but minute amounts organic 
material will prevent whisker growth remains 
seen. 


While first suspected, electroplating per 
not the cause the trouble, filamentary growths 
having developed specimens coated methods 
other than electrodeposition well 
metal. This last also rules out the possibility 
galvanic corrosion process normally encountered. 


has been mentioned, whisker growth has not 
been limited electroplated parts. 
found, however, that for given metal whiskers 
generally have developed first and greater ex- 
tent the thinner coatings. This was noticed with 
regard the hot dipped coatings well the 
plated coatings and the wedge shaped electro- 
deposits. 


Residues electrolytes used prepare speci- 
mens for plating cannot responsible, growths 
have developed solid metal and also metal 
coated paper and mica where cleaning was in- 
volved. 


Transformation the individual metal more 
stable form does not appear likely explana- 


tion, particularly the case tin where neither 
heat treatment nor working markedly affected the 
tendency toward whisker growth. 


Conclusions 


this stage our study while the mechanism 
whisker growth yet remains established, 
there are few points that have emerged which will 
some guidance the search. Among those 
which appear most significant, least pres- 
ent, may mentioned the following: 


Whisker growths are not limited 
deposited coatings and may found solid metals 
well surfaces metal-coated various meth- 
ods. The growths may develop environment 
which there relatively low humidity and 
which there are, most, only traces organic ma- 
terial. 


_The whiskers are not compounds but are metallic 
filaments the form single twinned crystals. 
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Figure 1—Appearance plain and threaded 
bars before cleaning. (Approximately 4/5 
actual size). 


Effect Specimen Shape 


COPSON 


WELL KNOWN that the corrosion rate 

metals the atmosphere varies with the pollu- 
tion present. Industrial and marine locations are 
more corrosive than rural locations. axiomatic 
therefore, that the corrosion rate increases with the 
amount contamination actually coming contact 
with the specimen. This controlled not only 
the degree pollution present, but also the shape 
and form the specimen. 

The shape determines the amount air-borne pol- 
lution which impinges the specimen. this in- 
creases decreases the corrosion rate increases 
decreases. While this seems obvious enough has 
generally been neglectéd in. the published literature. 
The present paper calls attention this fact and 
gives appropriate illustrations. One illustration com- 
pares plain and threaded bars, another compares wire 
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Abstract 


well known that the corrosion rate metals 
the atmosphere varies with the pollution present. 
Industrial and marine locations are more corrosive 
than rural locations. axiomatic therefore that 
the corrosion rate increases with the amount con- 
tamination actually coming contact with the speci- 
men. This controlled not only the degree 
pollution present, but also the shape and form 
the specimen. The shape determines the amount 
air-borne pollution which impinges the specimen. 
this increases decreases the corrosion rate in- 
creases decreases. While this seems obvious 
enough has generally been overlooked the pub- 
lished literature. The present paper calls attention 
this fact and gives appropriate illustrations. One il- 
lustration compares plain and threaded bars, another 
compares wire and sheet specimens, and third in- 
volves insect screen. 


and sheet specimens, and third involves insect 
screen. 


Plain and Threaded Bars 


1943 Einhorn commented the American 
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Machinist’ that had observed unusual pattern 
corrosion the large bolts used for fastening to- 
gether the planks forming the bulkhead Long 
Branch, New Jersey. These bolts had been exposed 
sea water and weather for about fifty years. The 
threaded portion seemed only slightly rusted, where- 
the shank had decreased diameter. Long pieces 
one inch long, could chipped from the shank. 

Mr. Einhorn questioned why the threaded portion 
should comparatively undamaged while the shank 
was corroded depth great inch. sug- 
gested that possibly threading the bolt for its entire 
length might reduce the effects corrosion and 
make the bolt last longer. 

seemed quite likely that the difference cor- 
rosion reported Mr. Einhorn was due differ- 
ences exposure conditions. The threaded portions 
the bolts would expected boldly exposed 
while the shanks would least partially shel- 
tered. Shelter known have large effect in- 
creasing the long time rusting Soluble cor- 
rosion products are not washed away rain and 
the rust coating does not become protective. 

also seemed likely that the bolts were made 
wrought iron, particularly since they were least 
fifty years old. Then local clusters elongated slag 
inclusions would account for the appearance the 
rusted shanks. 

spite these easy arm-chair explanations, 
LaQue the International Nickel Company thought 
would worthwhile check the atmospheric cor- 
rosion behavior plain and threaded bars. ob- 
tained 34-inch diameter steel bar, and used 
form three types specimens. The first was plain 
bar, 34-inch diameter inches long. The second 
was similar except that was threaded the full 
length. The third was flat specimen, 
inch, which was obtained forging and cold roll- 
ing. All the specimens were pickled and weighed 
before exposure. They were then exposed the ma- 
rine atmosphere Kure Beach, C., June 
They were mounted facing south the inclined 
metal racks 800 feet from the ocean. 

After due time the specimens were removed, in- 
spected, photographed, cleaned up, and re-weighed. 
Figure shows the appearance the plain and 
threaded bars before cleaning. Table gives the 
weight loss noted that the flat 
specimens and the plain bar corroded substantial- 


the same rates. The threaded bar lost about the 
same weight the unthreaded bar, but since had 
greater exposed surface, its rate attack per unit 
area was only about one-half that the unthreaded 
bar. 

take into account the space occupied the test spec- 
imen well its surface area. Both the threaded 
bar and the plain bar occupied practically the iden- 
tical volume. Accordingly, the same quantity rain 
would fall one the other. Likewise there 
would the same amount salt spray and the 
same amount salt and other contaminants. Pre- 
sumably, the specimens would pick the same 
amount gaseous materials, such sulfur dioxide. 
the same amount salt and sulfur dioxide 
spread over the greater area the threaded speci- 
men, the corrosive solution becomes more dilute and 
less corrosive. 

sense the same result achieved backing 
from the ocean. Near the ocean steel specimens 
receive lots salt and corrosion rapid. Further 
from the ocean there less salt per square inch and 
corrosion less rapid. Data Table from pre- 
vious illustrate the magnitude this 
effect. 

Thus appears that the rate corrosion 
the atmosphere can decreased increasing the 
surface area per unit volume. The practical re- 
sults this not seem particularly promising, how- 
ever, because both the total weight loss well 
the corrosion rate are involved. 

For example, consider how corrugating thin sheet 
might affect its life. Suppose the sheet corrugated 


TABLE 


Comparison Plain and Threaded Steel Bars 
Exposed at Kure Beach, N. C., 6/2/44 


| 
| 


SPECIMEN 


- —1-— Exposure | Weight | Corrosion 
| Dimensions | Area | Time Loss | Rate 
Shape | Inch Sq. Dm. Months Grams Mdd 
} 53.8 | 19.9 
15.9 
| | | 46.0 17.0 
| | | | 
| By 6” long | | 14 16.2 
By 6” long | 13 7.5 


(1) Attacked in cleaning. 
* Exposed area of threaded bars calculated to be double that of unthreaded 
bars. 


TABLE 


Effect Nearness Ocean 
Specimens Exposed at Kure Beach, N. C., 1/19/44 


Wt. Loss g. per Sq. Dm. 
Average of 2 Specimens 
—-- is _ Exposure | Rack 800 Ft. | Rack 80 Ft. 
Percent, | Time From Ocean,) From Ocean, 
P | Cu Ni | Year Facing South! Facing Fast 
0.103 0.01 | 0.002 0.35 3.29 15.50 
1.39 H 9.45 Gone 
0.074 0.05 0.01 0.35 j 1.89 3.00 
| 1.39 4.33 | Gone 
0.007 0.000 0.35 1.94 3.26 
| | 1.39 4.33 | 16.90 
| | 
1.52 0.35 1.74 2.26 
1.39 3.16 5.03 


* Perforated. 
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the extent that specimen occupying one square 
foot has area two square feet, twice that 
flat specimen. According the results the 
threaded bolt, both would have the same weight loss, 
that the inches penetration would twice 
great the flat piece. This looks good first glance, 
only. The corrugated sheet requires more metal and 
would weigh twice much the flat piece. the 
piece had the same weight would twice 
thick and last just long. 

Actually since the atmospheric corrosion rates 
most steels decrease with time, the thicker piece 
vould have the advantage. other words, would 
better increase the life increasing the thick- 
rather than corrugations. Furthermore, 
roof the corrugations might introduce complications 
affecting the drainage, that some areas would 
corrode faster than others. 

the case the bars the situation seems much 
ihe same. Since the weight losses were the same, 
the threaded bar would last longer than the plain 
bar. Actually since metal was removed machining, 
ihe life the threaded bar would shortened 
that extent. 

Thus, even thought the atmospheric tests brought 
some interesting ramifications, nevertheless the 
arm chair diagnosis Mr. Einhorn’s observations 
was probably correct. Shelter major factor the 
outdoor rusting steel, and impossible over- 
emphasize the importance this factor increas- 
ing the attack. 


TABLE ill 


Comparison Wire and 
Values of average thickness of corroded layer expressed as inches 
per year x 10-4. Duration of test, 1 year. Corrosion rates of wires 
determined by electrical resistance method. Corrosion rates of sheets 
determined by weight losses. Average of five stations. 


MATERIAL 


Wire (0.048-In.) Sheet Ratio 
80/20 Nickel-chromium.... . P 1.67 0.47 3.6 
70/30 Nickel-copper........... 4.08 1.34 3.0 
Cadmium-copper............. 3.14 1.35 2.3 
Aluminum 3.23 1.5 2.2 
Silicon bronze... .. 3.11 1.57 2.0 
80/20 2.84 1.62 1.8 
Tin bronze... 2.47 1.74 1.4 
70/30 brass......... 4.42 1.91 2.3 
Average.......... 2.2 
TABLE IV 


Comparison Screen and Sheet Industrial Locations Based 
Literature 
All specimens boldly exposed. 


Screen (0.011-inch Wires) 
at Pittsburgh, Pa. (Ref. 8) Sheet (Ref. 6, 10) 
First % Loss Equiv- | Altoona, New 
Wire in alent a. York, 
Material, Fail- Tensile Inches 9.25 Yr. | 9.38 Yr. 
Approximate ures, Strength per ipy ipy 
Analysis Mo. Yrs. Yr. 10-4 10-4 10-4 
75 Cu 20 Ni 5Zn.. .| 83 | 92 4.41 0.85 0.72 
| 
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Wire Versus Sheet 


the previous tests the plain bar and the flat 
specimens corroded substantially the same rate. 
This longer true when the bar reduced 
wire. general rule that the atmospheric cor- 
rosion rate wire greater than that sheet. This 
illustrated Hudson’s data Table III*. This 
was discussed with additional data 
Mears and Hudson being cited. Recently Wes- 
commented that good explanation this rule 
had been put forth yet. pointed out that while 
understandable that layers corrosion product 
would form imperfectly wire small diameter, 
this explanation not acceptable the case pas- 
sive films. 

The experience with the threaded bar led the 
notion that perhaps better air circulation around the 
wire was causing more atmosphere pollution come 
contact with than was the case with sheet speci- 
mens. This was conclusively demonstrated for the 
first time some fundamental experiments 
these experiments counts and meas- 
urements were made the sea salt nuclei which im- 
mosphere under controlled conditions. was shown 
air stream, the average rate sea salt deposition 
was per square centimeter per day. 
glass slide, the rate was sea salt 
deposited per square centimeter per day. 

Presumably other forms air-borne 
would behave similarly sea salt. Thus the at- 
mosphere many times more polluted wire 
than sheet. this basis perhaps surprising 
that the differences Table III are not greater. 
Certainly the results show the importance air cur- 
rents and impingement aerosols and other forms 
pollution. 


Screen 


might expected that screen would even 
more effective than wire picking atmospheric 
pollution. Under suitable conditions pore size, 
wind velocity, etc., screen might likened fil- 
ter. The weathering behavior insect screen ma- 
terials was reported and Wesley and 
Unfortunately sheet specimens were in- 
cluded these tests, that direct comparison be- 
tween screen and sheet not possible. Nevertheless 
the data showed that insect screen corroded and 
failed much faster than would expected from pub- 
lished corrosion rates sheet materials. 

Some Quick’s data are reproduced Table IV. 
For comparison some typical corrosion rates sheet 
materials are included. These were taken from the 
ASTM tests inch The alloys and 
the exposure locations are not identical, but they 
are close enough give idea what expect. 

Wire failures and losses tensile strength were 
used Quick criteria corrosion. These em- 
phasize pitting and local attack. discussed else- 
pitting and local attack apt occur 
screen, because wire intersections retain and stabilize 
droplets liquid. the sheet specimens the 
table corrosion was quite uniform. Hence part 
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TABLE 


Comparison Screen and Sheet Bayonne, 
Bayonne has an industrial atmosphere. Specimens were exposed vertically. 


SCREEN 
Loss Wt. 
Material Loss 
Approximate Exposure | Time, | Strength | Per- ipy 
Analysis Condition Year Percent | cent | x10-4 
Exposed 
90 Cu 10 Zn, 0.011-in. Sheltered 6.7 100 40 1.81 
Wire 16 mesh.......... Exposed 6.7 63 46 1.97 
Cu, 0.009-in. Sheltered 5.0 3.50 
Wire 16 mesh......... Exposed 5.0 72 38 1.88 
Nickel, 0.014-in. Wire Sheltered 6.7 2.27 
Exposed 6.7 62 49 2.43 


the accelerated attack the screen evident Table 
due the local attack and the method 
test. Nevertheless believed that part the dif- 
ference due the screen cloth picking more 
pollution from the atmosphere. 

Weight losses well losses tensile strength 
have been obtained few screen materials 
Bayonne, New Jersey, industrial location. These 
are given Table along with losses weight 
sheet specimens similarly exposed. expected, 
the loss strength the screen exceeded the loss 
weight with the difference varying with the screen 
material and the exposure conditions. turn the 
loss weight the screen exceeded the loss 
weight sheet specimens. 

The differences weight losses can attributed 
mainly screen picking more pollution than 
sheet. might expected the ratios Table 
varied with the openness the screen cloth. The 
ratios were higher for the open mesh screen with 
0.009-inch wires than for the more tightly woven 
mesh screen with 0.014-inch wires. Comparing 
Tables III and suggests that perhaps the open 
mesh screen corroded faster than wire, while the 
tightly woven screen corroded slower than wire. 
This seems logical but more data are needed war- 
rant detailed comparisons. 

interesting observation about insect screen 
wires that good many cases the rate loss 
strength substantially constant with 
other words the rate loss weight constant 
with time. This particularly true when the corro- 
sion fairly evenly distributed. Since the surface 
area the metal decreases, the corrosion rate cannot 
constant such cases, but must increase with 
time with the decrease wire diameter. 

When the wire remains clean this agreement 
with already been said. When the wire 
becomes coated with adherent corrosion products, 
quite possible that the space occupied does not 
change greatly. the occupied space constant, the 


rate picking pollution and 
hence the rate loss weight 
would not change even though the 
exposed metal area was 


Sheet Conclusions 

The rate corrosion the at- 
depends not only the 
0.59 amount pollution present, but 
also the extent which this 
pollution reaches the metal 

0.9 0.99 3.5 
0.9 0.44 The concentration contaminants 
146 the film moisture the sur- 

0.9 113 


face the specimen probably the 
deciding factor. This concentration 
controlled partly the rate 
impingement aerosols and other air-borne pollu- 
tion, which turn affected the shape and form 
the specimen. 

Wire corrodes faster than sheet because picks 
more the pollution per unit area than does sheet. 
Similarly open mesh screen may corrode faster than 
wire. Specimens occupying the same space will pick 
the same amount pollution and have the same 
weight loss, but the corrosion rate per unit area will 
increase decrease the surface area the speci- 
men made decrease increase. 
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Part Two Parts 


The opinions and conclusions expressed herein are those of 
the authors and do not necessarily represent the views of 
the Department of the Navy or the naval service at large. 


Introduction 


1.1 Importance Corrosion Prevention 


CHIEVEMENT safety flight under all 

conditions and successful accomplishment as- 
signed mission are fundamental considerations all 
design. the other hand, the constant ef- 
fort reduce weight minimum has required 
designers work with margins safety low 
that they would hardly even considered other 
industries. Loss strength can obviously only 
tolerated very slight. Corrosion, being the 
most common cause such strength loss for the 
metals forming airplane, early consideration 
design and construction and its prevention 
basic importance the successful prosecution 
any operation. addition, however, even the air- 
plane safe fly, its function unit the 
combat team jeopardized the last ounce 
power cannot drawn from the engines because 
corrosion engine components, rusty guns 
will not fire essential battle and operational 
communications cannot maintained. 

Aircraft carriers are limited the number air- 
planes that can placed aboard. order that max- 
imum striking power may obtained, practically 
all airplanes must ready fly any moment 
spite limited repair facilities. Airplanes not 
based carriers must often furtherance the 
Navy’s assigned missions, based 
where facilities for servicing are primitive. Yet these 
aircraft, too, must ready fly taxing patrols 
perform other combat functions with maximum 
availability. Achievement this goal would dif- 
ficult if, addition gassing, oiling, servicing guns 
and the multitude other operational checks, the 
maintenance crews were forced spend time re- 
pairing corrosion damage. addition, such extra 
work could prove very costly. 

Although the obsolescence rate combat aircraft 
relatively high, airplanes are overhauled one 
more times before they are considered unfit for fur- 
ther use. airplane coming out the overhaul 
shops may again assigned combat unit and 
must, therefore, good airplane which has 
just been delivered from the manufacturer. There- 
fore, even the corrosion which occurred during 
operation could safely ignored, must re- 


* poh sted presented at the Seventh Annual Conference and Exhibition, 
National Association of Corrosion Engineers, New York, N. Y., March 
13-16, 1951. 
Airborne Equipment Division Burea i 

u of Areonautics, D 
the Navy, Washington, D, 


Abstract 


Corrosion prevention aircraft starts with proper 
design, proper selection materials and control 
fabrication processes. Free drainage, avoidance 
dissimilar metal contacts, electrochemical insulation, 
proper heat treatment and cleanliness are stressed. 
Water contact, essential common corrosion, 
prevented de-activated chemical surface treat- 
ments, plating, organic coatings, preservative com- 
pounds, dehydration, hermetic sealing other wa- 
terproofing techniques. Sacrificial protection, where 
advantageous, provided cladding, plated sur- 
faces and readily replaceable parts such washers. 

Special consideration given stress corrosion 
cracking, thin magnesium alloy sheets, engine cylin- 
ders and other internal engine parts, compressor 
housings, propeller shafts and other operating mech- 
anisms where routine treatment not practicable. 
Use cadmium-tin plating, porous chromium plat- 
ing, nickel plating, phenolic resin coating and phos- 
phate treatments have given good results these 
special applications. Exhaust stack failures and com- 
pressor blading failures from intergranular corrosion 
have occurred. Wear, erosion and friction oxidation 
are also potential threats. Use molybdenum disul- 
phide promising some applications. 

Equipment normally corrosion free when operative 
needs additional protection during idleness. Total de- 
hydration works well properly designed and 
maintained. Maximum ventilation the next best 
method provided supplementary preservatives are 
used the proper places. 

Frequent inspection the airplane for corrosion 
and such preventive maintenance features water 
washing seaplanes, touch worn abraded paint 
surfaces, use additional preservatives selected 
spots and proper maintenance lubrication are re- 
quired. The use plating the repair damaged 
parts common. 

Manganese promising cadmium substitute 
and diffused silicon and aluminum coatings show 
promise making molybdenum oxidation-resisting. 
Titanium and its alloys may solve some present dif- 
ficulties. 


paired time overhaul with consequent increase 
the cost performing such overhaul. 

Finally, military truism that high morale 
engendered making available the finest equip- 
ment and keeping good trim. Pilots will lack 
confidence their equipment and will prone not 
give that extra effort which may spell the differ- 
ence between victory and defeat the airplane they 
are required fly with corrosion 
products and productive doubt its efficacy 
and complete structural integrity. 

concerned with the design, con- 
struction, maintenance, repair, storage 
ment naval aircraft are aware the foregoing 
factors and give consideration achieving the high- 
est degree freedom from corrosion practicable. 
review the nearly 4000 specifications used 
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the Bureau Aeronautics would reveal that, al- 
most every specification, for material, equip- 
ment process, there clause prescribing anti- 
corrosion precautions describing the corrosion 
characteristics desired (either test control 
composition). 


1.2 Purpose 

the purpose this paper outline the con- 
ditions encountered and some the methods used 
combatting corrosion naval aircraft and dis- 
cuss, practical manner, some the special 
problems which have been encountered 
which acceptable solutions have been found. 


Aircraft Materials 
Naval aircraft are complex structural mechanisms 
containing powerful propulsion machinery, devious 
plumbing, complicated electronic devices for navi- 
gation, search, fire control and communication, deli- 
cate instruments measure, compute and present 
the flight crew the manifold data required and 
the necessary guns and rocket launchers well 
the sights, computers and other components re- 
quired fire them. Development 
going forward achieve stronger and lighter ma- 
terials construction that extra gallon fuel 
extra round ammunition can squeezed 
aboard. Consequently, each model airplane contains 
different proportions the various materials. 
possible, however, state that the typical airplane 

flying today made follows: 

a.) The airframe essentially constructed from one 
the high strength aluminum alloys. Some mag- 
nesium alloy being used for primary airframe 
parts. This usage the increase although, be- 
cause the difficulties described later 
this paper, such usage being carefully moni- 
tored. Skin sheeting usually one the clad 
alloys such clad 24S R301. Some 
the more recent airplanes employ sandwich ma- 
terial which the bread the sandwich 
relatively thin sheet clad aluminum alloy and 
the meat end grain balsa, plastic metal hon- 
eycomb possibly plastic foam. 

b.) Arresting hooks, armor plate, bolts, fittings 
such turnbuckles, landing gear, guns, engine 
mounts, firewalls, exhaust stacks and cones, ma- 
jor engine parts, wing hinges and locks and host 
small operating parts valves and other equip- 
ment are fabricated from various types steel, 
both stainless and non-stainless, with selection 
primarily resting upon the specific properties de- 
sired. 

c.) Wheels engine components and 
housings for valves and cases for instruments and 
non-structural parts such instrument panels, 
etc. are usualy fabricated from magnesium alloys. 

d.) Extensive amounts natural and synthetic rub- 
ber are used the fabrication self sealing fuel 
and oil cells, hose, gaskets, packings, O-rings, vi- 
bration isolators, tires, tubes and grommets. 

e.) While not too common present combat air- 
craft, plywood and laminated woods have been 


used for control surfaces and are still common 

floorings transport aircraft. 

f.) Fabrics various types are common the con- 
trol surfaces light aircraft and are used in- 
sulating and sound-proofing materials. 

g.) Plastic materials are found throughout the 
airplane from cockpit hoods electrical insulat- 
ing materials. 

h.) All the other common metals such 
bronze, copper and nickel alloys can found 
where their specific properties make them useful. 
Even some the more uncommon metals such 
silver and gold are used certain electronic 
applications. 

All the materials mentioned corrode with vary- 
ing readiness directly affect the corrosion the 
other materials listed. Any the standard treatises 
corrosion such the Corrosion de- 
scribe these factors greater detail. 

the design and construction the airplane 
numerous compromises are made. The electronics 
engineer never gets all the “black boxes” the air- 
plane would like nor does the power plant 
engineer achieve the ultimate would desire. 
airplane almost never seems have enough arma- 
ment satisfy all. The myriad factors which 
into making airplane which will perform many 
anticipated and unanticipated functions 
are balanced into the final article. The one com- 
promise that the most difficult make, however, 
the compromise with weight. Just weight costs 
money for the commercial operator lift, weight 
combat airplane means less range lower per- 
formance. Hence, while corrosion resistance the 
material always considered, sometimes becomes 
secondary and for this reason, much any 
other, that the troubles mentioned this paper 
have occurred, occur and probably will continue 
occur some measure. 


Conditions Causing Corrosion 

well known that occurrence corrosion 
phenomenon expected the case almost 
all metals. not surprising therefore that, re- 
viewing the possible causes and accelerators what 
perfectly normal reaction, one frequently comes 
the conclusion that there practically nothing 
which, given the slightest encouragement, will not 
corrode cause corrosion something else. at- 
tempting catalogue the conditions encountered 
naval aircraft which cause corrosion, the authors 
have carefully eschewed the temptation listing 
possible causes and have concentrated those con- 
ditions which have actually caused corrosion the 
past are causing today sufficient degree 
require attention. 


3.1 Climatic Factors 

Aircraft, like humans, spend their operational life 
the earth’s atmosphere. The surface 
associated with climate observed most humans, 
however, are concentrated relatively thin layer 
with the factors associated with the upper layers 
varying considerably from these norms. These 
ter conditions have been graphically described 
recent paper The primary phenemenon, 
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Figure 1—Surface corrosion unpainted 24S after ten days exposure 


without maintenance carrier deck. 


Figure 2—Corrosion chromium plated landing gear piston. Corrosion 
destroys seal with resultant fluid leak. Dark areas piston coated with 
corrosion preventive compound. 


from the standpoint corrosion, associated with 
current operational altitudes low temperature. 
The airplane must return the earth’s surface 
where usually warmer and more humid conditions 
lead condensation. addition, airplane spends 
much its life actually the earth’s surface. The 
various climates the earth, therefore, affect the 
rate which corrosion will occur and may clas- 
sified order ascending corrosion potential 
follows, ignoring the effect industrial atmos- 
pheres: 

a.) and sub-arctic climates are characterized 
very low temperatures winter. These low 
temperatures are naturally accompanied very 
low absolute humidity even though the relative 
humidity may close 100 per cent. Where 
these low temperatures prevail throughout the 
year, for example Antarctica, corrosion 
practically unknown. fact, aircraft and other 
equipment stored Little America for several 
years have been placed back service wihout dif- 
ficulty even though special anticorrosion 
precautions were taken. The sub-artic, however, 
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Figure 3—Corrosion magnesium wheel adjacent dissimilar metal 


counterweight. 


Figure 4—Corrosion external bomb rack installation. Post 
magnesium alloy, side bomb rack stainless steel, clip aluminum and 


nut and bolt cadmium zinc plated. 


thaws the summertime and temperatures 100 
degrees are quite common, for example 
northwest Canada, and are accompanied high 
relative humidity. actual practice, not an- 
ticipated that temperatures encountered naval 
aircraft while aboard carriers will reach the ex- 
treme lows encountered ashore. 

The temperate climate characterized rel- 
atively mild climate. The corrosion potential 
this type climate well known. 


The tropic climate can take two forms: one be- 


ing the desert characterized high heat and low 
humidity conditions not generally conducive 
corrosion; and the other being the rain forest 
ecology which all the conditions conducive 
accelerated corrosion can found. particular, 
these are heat, excessive precipitation and con- 
stant high relative humidity. The reactions en- 
countered are the same those encountered 
temperate climes but they simply happen faster. 


3.2 Operational Factors 


military airplane may operate for several hours 


high altitudes and low temperatures. Frequently, 
unlike the commercial airliner discussed Kirchner 
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Figure 7—Corrosion lower surface wing caused ship’s stack 
gases. Airplane was parked that wing extended over uptakes. 


and the descent from this altitude very 
rapid. This descent cold body into warmer and 
more humid air results condensation throughout 
the structure. This has, times, been sufficiently se- 
vere cause shorting electrical circuits and has 
frequently been the cause corrosion difficulties 
where the water was allowed remain for any pe- 


riod. this connection, well remember that 
airplane hollow body with large number 
other hollow bodies within attached 
and can, and usually does, act fairly efficient 
condenser. 

Naval aircraft, the performance their mis- 
sions, fly from water from the decks 
carriers from landing fields very close the 
ocean. Under these circumstances the presence 
ocean spray the air must taken for granted. 
This spray best described suspension ocean 
salts the air accompanied very high relative 
humidity. These particles are primarily sodium 
chloride but are also salts practically all the 
common metals, traces which have severe ac- 
celerating effect aircraft metals over and above 
that caused sodium chloride fog alone. The ex- 
tensive investigations into the composition ocean 
water have been discussed May*. The effect 
this salt spray various aircraft materials, 
cially where dissimilar metals are present, 
graphically shown Figures through Most 
these figures are concerned with spare airplanes be- 
ing shipped overseas aboard aircraft carriers. The 
airplanes did not, therefore, receive the type 
maintenance which would considered 
for operating Most the corrosion 
shown could have been prevented 
maintenance but considerable cost. 

addition salt spray, shipboard 
poses additional hazards. One the most 
nent these the highly corrosive effect the 
gases emanating from the ship’s stacks. Since the 
majority naval vessels are oil burning, 
lieved safe assume that these gases are essentially 
similar industrial atmospheres and contain the 
numerous corrosive materials common incom- 
plete combustion petroleum products. typical 
example corrosion caused stack gases 
shown Figure 

ship moves through the water, vibrations 
are encountered. The fundamental period 
number blades the ship’s propeller 
pellers times the number revolutions the shait. 
Thus the fundamental frequency may vary over 
wide range but the band 600-900 cycles per min- 
ute appears the most common. This vibration 
has definitely given rise fretting corrosion cer- 
tain instances and will discussed more detail 
later. 

final hazard shipboard operation occurs 
when operating arctic waters and attempts are 
made remove ice from the decks. The rock salt 
used picked the wind across the deck and 
the action aircraft propellers and deposited 
throughout the structure the airplane with the 
landing gear and wheel wells being the most ob- 
vious victims. Attempts are now being made re- 
duce this hazard manageable proportions 
saturating the salt with inhibitive chromate. This 
has apparently had some beneficial results but the 
problem still remains and requires additional main- 
tenance effort remove the deposits before 
pling damage occurs. 

Shore based operation also presents peculiar 
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Figure 5—Surface corrosion zinc-plated propeller hub. 

Figure zinc cadmium plated parts throttle quadrant. 
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rosion hazards which must met. domestic 
operations and operations from permanent bases 
overseas the hazards are similar those outlined 
Kirchner and When operations from 
wartime advanced base strips are considered, how- 
ever, the problem becomes more complex. 
Runways the tropics are gouged out the 
earth using materials available locally insofar 
possible. One the best construction materials 
available, with many the properties reinforced 
found tropical islands the form 
“live” coral. The material dug the “live” 
wet condition and compacted and rolled into 
smooth surface. order maintain its structural 
strength must periodically wet with salt water 
and rerolled. There is, therefore, always available 
surface fairly loose coral saturated with salt 
water picked the airplane, causing direct 
corrosion the salt water and promoting concen- 
tration cell corrosion even totally dry. Strips con- 
structed Hawaii, Wake, Tarawa, Saipan and most 
the other islands liberated World War were 
this type. The other common type runway ma- 
terial used the Pacific was volcanic ash which 
contained many corrosive chemicals. Iwo Jima was 
the most notorious these. Others may not con- 
structed such outstanding corrosive agents but 
the mud and pervading dust advance base opera- 
tions take their toll increased concentration cell 
corrosion. Even where the strips are constructed 
from common earth, sand gravel, the detritus 
thrown into the air cuts and abrades finishes, thus 


opening the way later corrosion these loca- 
tions. 


Finally, operations the rain forest type cli- 
mate expose all equipment and materials the 
problems inherent therein. Outstanding among 
these problems are fungus and insect infestation. 
The corrosive nature the biological byproducts 
from fungi are well known and have recently been 
summarized for military equipment 
The effects certain insects are not well known 
but there least one authenticated case col- 
ony mites setting light housekeeping inside 
hollow steel propeller blade and their excreta caus- 
ing corrosion. 


3.3 Operating Materials Factors 


Having discussed the corrosive conditions under 
which naval aircraft must operate, appropriate 
turn the materials which make possible 
operate the aircraft, practically all which are 
capable causing difficulty. 

One the major problems this category the 
very fuel used the power plants the aircraft. 
Water gasoline tanks common and primarily 
the result the condenser effect already described. 
Occasional difficulties have been 
cause the use salt water displacement fueling 
systems vessels with large quantities salt water 
being inadvertently pumped into the tanks the 
airplane with unhappy results. The corrosive nature 
the combustion products aviation gasoline re- 
mains one the major problems confronting the 
Kirchner and have previously out- 
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lined the mechanisms and the effects airframe 
parts. The effects the engine parts will dis- 
cussed later this paper. 

Naval aircraft are not, however, exclusively pro- 
pelled result the combustion gasoline 
kerosene. Many additional devices have been used 
the past and fuels for these devices are constantly 
under development. Jet assisted and rocket assisted 
take-offs are common and the fuels for this pur- 
pose are powerful oxidizers and reducers which can 
have marked effect aircraft materials. Liquid 
rocket engines are use many guided missiles 
and such high speed aircraft the Bell 
and the Douglas D-558 series. only necessary 
state that some these are fueled with fuming 
nitric acid and aniline conjure the possibili- 
ties. 

addition the strong chemicals mentioned, 
conventional engines are frequently assisted 
greater power water injection. prevent freez- 
ing, the water mixed with generous quantities 
alcohol. This mixture, which weak electrolyte, 
must stored reservoir and pumped and me- 
tered into the engine when extra burst power 
needed combat take-off. Kirchner and 
have discussed some the features that 
have caused trouble commercial operations. Wa- 
ter injection was first introduced into military air- 
craft during the early stages World War II. 
Corrosion, aggravated the presence dissimilar 
metal contacts, occurred not only the fuel dis- 
charge nozzle but also the pump and the tanks 
and the effect was almost crippling, until appropri- 
ate fixes were established. Joint effort produced the 
use the phenolic resin coating which contrib- 
uted much the continued use water injection 
pending redesign the system. this connection, 
corrosion difficulties similar those found water 
injection systems have also been encountered 
anti-icing systems where methanol denatured al- 
cohol used the de-icing fluid. addition, 
materials used for the removal existing ice fre- 
quently contain corrosive sodium nitrate. 

unexpected effect arises when chlorinated hy- 
drocarbons contaminate water-alcohol systems. The 
hydrolysis carbon tetrachloride fairly slow 
rate give hydrochloric acid with consequent se- 
vere attack aluminum known phenomenon. 
The slow rate formation hydrochloric acid ap- 
pears definitely the result the poor solubil- 
ity carbon tetrachloride water for, when 
mutual solvent such alcohol introduced, the 
reaction proceeds with great rapidity. This reaction 
needs only traces carbon tetrachloride proceed. 
Whole anti-icing systems have been found choked 
with corrosion product with only traces carbon 
tetrachloride and alcohol being found. 

The subject anti-icing fluids brings heat de- 
icing where experience with corrosive engine com- 
bustion products condensing systems goes back 
many years the early attempts water recovery 
for ballast purposes the lighter-than-air airships 
such the Los Angeles, the Shenandoah, the Ak- 
ron and the Macon. Naval experience with the use 


heat de-icing and the action taken combat the 
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problems, i.e. use heat exchangers and prevention 
access combustion products interior struc- 
tures, duplicate that the commercial operators 
summarized Kirchner and Morris*. One aircraft 
designer making new attempt eliminate the 
heat exchanger, which, after all, constitutes dead 
weight, designing the system convey the 
exhaust gases directly overboard without permit- 
ting any gases reach the internal structure the 
wing. The success failure this attempt will 
watched with interest all aircraft designers, 
the services and the commercial operators. 

Among other materials enabling flight which re- 
quire careful consideration are lubricants. Previous- 
ly, these were all petroleum base products with 
“natural” corrosion inhibiting properties. The ad- 
vent synthetic diester lubricants necessitated ad- 
ditional tests determine corrosion characteristics. 
addition, the additives used formulating ex- 
treme pressure lubricants, mostly the chlorinated 
type, have corrosive effect steel. While not 
many extreme pressure lubricants are used naval 
aircraft, one application that comes mind, and 
which some difficulty may experienced, the 
reduction gearing used turbo-prop engines and 
helicopter transmissions. 

For many years the hydraulic systems aircraft 
have been relatively free corrosion troubles. 
However, the need for noninflammable fluids has 
led the Navy develop and adopt the so-called hy- 
drolubes which are basically mixtures water and 
ethylene glycol with suitable corrosion inhibitors. 
Although most the corrosiveness this mixture 
has been eliminated there still remain 
solved problems which research actively pro- 
gressing further minimize attack internal cad- 
mium plated steel and magnesium parts. 

One the perennial problems for which there 
seems little any hope for easy solution that the 
airplane must electrical whole prevent 
static and permit weight savings through the use 
single wire electrical systems. accomplish this 
requires the use bonding jumpers and the like 
connect those parts which are not connected 
welding, riveting, bolting other good joints. Good 
tates removal the finish the precise point 
where might most needed. Since the finish 
must absent, care required make certain 
the edges the joint are properly sealed. Where this 
not done where vibration other relative mo- 
tion has impaired the seal, corrosion rather 
minor nature frequently encountered. This prob- 
lem necessitates constant maintenance and inspec- 
tions and belongs primarily the nuisance category. 

the necessity making violent ma- 
neuvers the air, great care must taken the 
design batteries prevent acid spillage. This ac- 
cident happens occasionally and extra paint and ex- 
tra inspections are required. Experience with the 
spillage food and urine duplicate those the 
commercial 

Several years ago markers dropped the sur- 
face the water provide target for computing 
drift were bronze powder contained small 
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papier mache bomb. Non-wetting properties were 
achieved from the stearic acid used milling lub- 
ricant. drift markers they were excellent and 
other troubles were encountered until, one day, 
powder was spilled throughout the bilges sea- 
plane. The resultant corrosion caused the airplane 
rebuilt from the waterline down and en- 
couraged shift aluminum powder for this pur- 
pose. 

One unusual experience important enough 
justify recounting. seaplane was moored 
steel pontoon U-dock. The mooring pendants used 
were steel instead the usual manila line be- 
cause the strain anticipated during engine tests. 
The results were excellent battery, with 
tential approximately 0.8 volt, sufficient light 
flashlight bulb placed the circuit, considerable 
corrosion portions the hull nearest the 
dock, and considerable peeling paint. 
tive specification for steel mooring pendants was 
under preparation the time and was modified 
include provisions for current interrupters. 

The foregoing discussion operational factors 
affecting corrosion has been 
with the complications involved making the air- 
plane flyable. Since, however, essential that 
examine the effect gun firing. Here, too, corrosion 
enters the picture. The products combustion, 
usually the salts strong acids such nitrate plus 
mercury salts from the primer charge, cause severe 
corrosion. well known, all guns must care- 
fully cleaned after each firing remove these salts. 
addition, airplanes, the powder gases escaping 
from the gun muzzles are blown back over into 
the adjacent structure. Gun compartments must re- 
ceive extra protection and must carefully sealed 
prevent the gases from entering the structure. 
all combat aircraft the external surfaces which show 
deposits are cleaned after each occasion the guns are 
fired. 


3.4 Construction Factors 


Frequently case corrosion specific com 
ponent has been encountered which appears first 
glance have been caused one the factors out 
lined the preceding sections but which, carefu! 
analysis, turns out have been caused basically 
the materials and processes used the construction 
the airplane and only have been aggravated 
the operating conditions. Improper heat treatment 
aluminum used frequent offender but 
sistence cold water quenching the demonstrated 
equivalent has done much eliminate this source 
difficulty. During World War some waivers were 
granted clad aluminum alloys expedite produc 
tion and led the last really serious cases inter 
granular corrosion sheet when the contractor 
mixed some materials and installed fog 
bare 24S material the airplane without painting 
Difficulties are encountered, naturally, with inter- 
granular corrosion occurring long sections, sucli 
the keel strip flying boats and long extrude: 
angles, where the very size and shape the 
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make rapid quenching without severe distortion al- 
most impossible. 

Stress corrosion failures have been, the whole, 
relatively rare. Cases could cited failure heat- 
treated 24S alloy, due cold working the hardened 
conditions interferences resulting from pressed-in 
bushings tight bolts. The sensitivity the cold- 
worked magnesium alloy sheet, particularly with the 
higher aluminum content, has been well recognized. 
Cracks stainless steel exhaust systems have, 
times, been initiated result excessive local 
stresses concurrent with corrosive environment. 
Since the corrosion tendency cannot completely 
the obvious remedy stress-relief prior 
use, other means reducing stress during serv- 
ice, has been the successful answer. 

also necessary use proper welding tech- 
niques and, the case corrosion resisting steel, 
stabilization after welding may advisable 
some cases. order insure sound welds, pri- 
marily for structural integrity but also indirectly 
minimizing sites for corrosion, the aircraft contrac- 
tors and overhaul shops are required employ for 
purpose only welders which have been certified 
qualified produce good welds. addition 
this certification, there are process specifications cov- 
cring the welding the majority weldable metals 
used aircraft. Controls this type have served 
well aircraft work although examples corrosion 
difficulties result improper post-welding treat- 
ment occur. One occurred when ship- 
ment fuming nitric acid welded stainless steel 
drums developed into 100 per cent leakers because 
serious corrosion adjacent the welded seams. 
The phrase “proper welding also en- 
compasses careful removal fluxes which may 
used the welding process. Although the composi- 
tion these fluxes controlled specification, 
still true that, left the surface, corrosion will 
almost invariably ensue. 

Other construction processes which must care- 
fully watched include prohibitions promiscuous 
use steel wool abrading light metals, control 
over removal heat treat salts and sulfur containing 
cutting oil, specifications covering permissible mark- 
ing fluids and detailed insistence maintaining 
clean shop and clean products coming out that 
shop. 


Basic Principles Protection 

The preceding sections have set forth long list 
conditions which may cause corrosion naval air- 
craft and justifiably raise doubt the practicality 
achieving even reasonable freedom from corrosion. 
The reason that answer this problem has been 
achieved found within the basic history avia- 
tion because, when flying began, was such mir- 
acle itself that for number years the simple 
flight was sufficient achievement. With time 
the problems which have been enumerated occurred 
one one and, the main, were solved one one. 
Many were solved thoroughly sound 
tical manner before the total extent the problem 
realized. many cases the problems were re- 
solved and theoretical justifications for the solutions 
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were found later. fact, with many the techniques 
used today, the theoretical justification far from 
resolved everyone’s satisfaction. 


4.1 Generalized Concept 


While most corrosion phenomena are extremely 
complex, certain generalizations are possible which 
permit logical analysis leading solutions which 
are valid for the majority cases. Generally speak- 
ing, corrosion involves liquid water, either resulting 
from immersion from condensation. Exposed sur- 
faces need not necessarily exposed, however, 
atmosphere actually passing through dew point 
more less hygroscopic dust other soil par- 
ticles, existing corrosion, other coatings wrap- 
pings are adjacent the part and can cause cor- 
responding surface condensing effect. Dissolved oxy- 
gen other oxidizers are generally considered 
concurrently necessary for corrosion. 

Given the necessity liquid water and oxi- 
dizer, usually oxygen, for corrosion occur, nat- 
urally follows that one the other can excluded 
from the surface, then freedom from the reaction will 
obtained. is, for all practical purposes, impos- 
sible prevent access oxygen the surface since, 
most cases, already there adsorbed film. 

Given corrodible alloy, therefore, protection 
corrosive medium usually sought either em- 
ploying more less impermeable seal mechan- 
ical barrier, reducing the the 
medium reaching the surface. The latter normally in- 
volves the use what, for want better term, 
are called corrosion inhibitors. The two means may 
employed simultaneously, with inhibitive prim- 
ers and paints inhibitive corrosion preventive 
alone, the case cathodic electroplated sur- 
faces, dehydration, hermetic sealing, the so-called 
vapor phase inhibitors. 

Where additional protection the basic strength 
member desired and felt that either the paint 
not sufficient protection or, for any reason, paint 
not practicable, then protection for the particular 
member provided allowing some other metal 
intimate contact therewith corrode sacrificially. 
Examples the latter are the use cladding 
aluminum alloys, the use metal coatings anodic 
the protected material such cadmium and zinc 
plating, galvanizing, Sherardizing and the like for 
steel, the use anodic metals the form read- 
ily replaceable parts such washers. 

Practically all techniques used aircraft corrosion 
prevention are variations these themes. 
atmosphere actually passing through dew point 


4.2 Corrosion Inhibitors 

Among the inorganic chemical inhibitors which 
have shown promise for aircraft work are soluble sili- 
cates, chromates and nitrites. The most common in- 
organic inhibitor use today the familiar 
chromate which was first incorporated into paint 
Harold Acker and the late Captain Cotton, 
USN, the Naval Aircraft Factory. This zine chro- 
mate zinc yellow not simple salt but represents 
partial hydrolysis product double salt. The 
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normal manufacturing tolerances complicate the pic- 
ture when attempts are made obtain reproducible 
results careful electrochemical measurements. 
fact, difficult define the true solubility such 
material, the composition the liquid phase 
equilibrium with the solid depending probably not 
only the exact method preparation but the 
entire past history, and the relative amounts pres- 
ent liquid and solid. 

Among the common organic inhibitors are sodium 
mercaptobenzothiazole, used deactivate copper. 
This material was first suggested the Cooper- 
ative Research Council the Air Force for use the 
coolants for liquid cooled engines. While the exact 
mechanism has not been publicly described, definite 
film formation and absence copper ions solution 
are readily observable. These excellent properties are 
used the hydrolubes, the ethylene glycol solu- 
tions used anti-freezes liquid cooled engines, 
airplane catapults and arresting gear. 

the preservative compound field the organic in- 
hibitors are most commonly the sodium, barium 
strontium oleates and petroleum sulfonates which 
operate primarily polar compounds and wet the 
metal preferentially, displacing any water already 
there with the hydrophilic end the molecule and 
presenting the hydrophobic end the molecule 
any additional water desiring entry. Earle, 
then associated with the Bureau Aeronautics, 
generally recognized the one most responsible for 
recognizing the military utility these compounds. 
Their exact mechanism operation far from clear 
and has been controversial for some time. Consid- 
erable work this problem under way several 

rivate and service laboratories. particular inter- 
est this field the work Zisman and his as- 
Several investigators believe that action polar com- 
pounds controlling composition incident water 
best very slight and that their main function 
physical barrier. One investigator has deduced 
evidence that satisfies him that the efficiency 
preservative compound directly proportional its 
thickness. Such concept returns course the 
old thick film preservative compounds which have 
been used since time immemorial for preventing cor- 
rosion. This concept should not, however, dis- 
missed lightly inasmuch considerable success has 
been achieved improving the performances air- 
craft engine preservatives adding certain waxes 
which render the oil thixotropic when heated, thus 
increasing the thickness the applied film and re- 
ducing the amount run-off from vertical surfaces. 

the class engine preservatives should 
noted that most compounds are tested determine 
their hydrobromic acid neutralization characteristics. 
has shown that the conventional additives 


will not necessarily perform well this service and, 
result, some suppliers are using additional 
additive these oils the long chain amine type. 
One additional class compounds which has had 
limited use, but which promises tremendous achieve- 
ment certain technical problems can solved, 
the group so-called vapor phase inhibitors. The 


term “so-called” used advisedly because 
has shown that they actually form films the sur- 
face the metal protected. They are generally 
called vapor phase migratory inhibitors since their 
vapor pressure sufficient, when quantity the 
material introduced into interior package 
wrap, cause vaporized molecules migrate the 
metal the vapor phase and prevent corrosion 
from atmospheric condensate within that interior. 
The compounds vended under the name Vapor Phase 
Inhibitor are relatively new, development release 
the Shell Chemical Company about 1943. Prior 
that time was known that the nitrites were ex- 
cellent corrosion preventers for steel and sodium ni- 
trite had been employed for this purpose direct 
contact material. Ammonium nitrite, which has 
appreciable vapor pressure, stable only dilute 
solution and, the solutions concentrate, they de- 
compose, giving rise corrosive by-products. About 
1943 Shell Chemical chemists found that certain sub- 
stituted ammonium nitrites could isolated rel- 
atively stable crystalline solids with measurable 
and useful vapor pressure. These were primarily the 
di-isopropyl nitrites. The 
government agencies have not adopted them nearly 
enthusiastically certain segments industry 
but they are particularly useful preventing rusting 
steel surfaces and, the case rocket motors 
and shell casings, have eliminated the necessity for 
costly rust removal procedures prior filling. They 
can employed either the dry powder con- 
trolled impregnants kraft other wrapping pa- 
pers. The migration the vaporized molecules 
relatively slow rate and good practice dictates plac- 
ing the material fairly close the surface 
protected. While stable under neutral alkaline con- 
ditions they are prone decompose, would 
expected, under acid conditions. There appears 
superficial attack copper alloys and, some cases, 
cadmium plating even when the alkaline side. 
They will not necessarily protect for prolonged ex- 
posure very high humidities. spite these 
drawbacks, however, the compounds 
vantages, very important one being the possibility, 
where temporary protection desired, eliminating 
the human error factors involved complicated 
preservation and packaging processes. For this rea- 
son, they are still under active investigation for many 
preservation uses. interesting note passing 
that they have more than served their purpose 
the water base hydraulic fluids where there al- 
ways air above the fluid least one location 
the system. 


4.3 General Protective Schemes 

sections 4.1 and 42, the basic generalized con- 
cepts and certain the tools used have been dis 
cussed. This section concerned with the 
scheme used the permanent protection nava! 
aircraft and their components against corrosion. Nat 
urally, the general schemes are not applicable 
types equipment but the other types will dis 
cussed later and will noted that, essentially 
they are variants the basic scheme. 

Prevention corrosion the airplane starts 
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the earliest stages the detailed design work. Ma- 
terials are selected which will offer the best cor- 
rosion resistance consistent with the other 
desired. Efforts are made avoid minimize dis- 
similar metals wherever possible. Provisions are in- 
cluded for free drainage each pocket, large and 
small, when the airplane the ground (with 
wings folded and unfolded folding wing aircraft), 
and also flight. 

Potassium chromate placed perforated con- 
tainers sumps and the low point each com- 
partment floats and hulls. Rain stops are provided 
prevent water running down into internal parts. 
Requirements are included for the use aluminum 
alloy washers under steel bolt heads and nuts and 
consideration given proper venting overboard 
engine, gun and human wastes. 

During the course fabrication, attention paid 
securing proper heat treatment all alloys. Pre- 
cautions are taken the assembly and fabrication 
structures, particularly wing tip floats and other in- 
accessible sections and inspections are made insure 
that metal particles pieces such drillings, shear- 
ings, rivets, bolts, wrenches, filings, etc., not re- 
main the airplane and frequent cleaning with 
powerful vacuum cleaner common. The use 
steel wool light metal alloys actively dis- 
couraged. 

Also, during the fabrication process, the finishes 
required for corrosion prevention are applied the 
parts the airplane. almost all cases the parts are 
cleaned, surface treated plated and shop primer 
coat applied detail with only final overall finishes 
applied assemblies. 

Cleaning requirements placed Navy aircraft 
contractors are shown Table will noted 
that generally speaking the requirements stated 
this table leave much the discretion the con- 
tractor. This position taken deliberately because 
the cleaning prior application surface treatment 
and painting intimately affects the success the 
final finish, the optimum procedural details are dic- 
tated local conditions, and the manufacturer 
contractually responsible for the performance this 
finish. For overhaul purposes, considerably more con- 
trol exercised and the use specification mate- 
and processes stressed. Local differences 
the quality water, equipment and personnel avail- 
able, however, call for slightly different techniques 
and local autonomy these maters granted, with 
the station materials laboratories exercising suitable 
controls. The various cleaners covered specifica- 
tions, their compositions and general operating con- 
ditions are summarized wall chart, NavAer 07- 
1-503. addition, for the benefit stations without 
technically trained personnel, general discussion 
the principles and purposes cleaners, methods 
selection specification cleaners and their proper 
use are included the Handbook Preservation, 
Packaging and Packing Naval Aeronautical Ma- 
terial, NavAer 00-85A-502. 

Surface treatment and plating requirements for 
normal Navy airframe work are covered specifi- 
cation MIL-S-5002 and are summarized Table 
These requirements are mandatory upon the airframe 
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TABLE Cleaning Requirements 
(From MIL-S-5002) 


Clean with materials and processes having no deleteri- 
ous effect on the metal and produce surfaces satis- 
factory for application of surface treatment required. 
Specifications and operating conditions shown on 
NavAer 00-85A-502 not mandatory on contractors. 

Uninhibited alkalies and abrasives prohibited. 

Acid pickling or other processes capable of causing 
hydrogen embrittlement prohibited. 


1. Genera] Rule 


. Aluminum Alloys: 
. Steel Armor Plate: 


. Corrosion and Heat 
Resisting Alloys: 
. Other Steels: 


Pickle and passivate (either forced or natural). 
Any of processes of Specification JAN-C-490. 


. Magnesium: Only — operations detailed in MIL-M-3171 per- 
mitted. 
. Use of Carbon 
Tetrachloride: Forbidden. 


an WH 


. Flux Removal: Required to satisfaction of inspector. 


TABLE Airframe Surface Treatment Requirements 
(From MIL-S-5002) 


Anodize (AN-QQ-A-696) or Chemical Treatment (MIL- 
C-5541) Except as follows: 
Seaplane Exteriors must be Anodized. 
5 per cent chromic acid permitted on 2S, 3S, 52S, 
53S, 61S and Clad. 
Special attention to electrical contacts required. 
ba treatments described in Specification MIL-M- 


1. Aluminum Alloys: 


2. Magnesium Alloys: 


3. Corrosion and Heat 
Resistant Alloys: None except for dissimilar contacts. 
4. Other Steel: Bex fy Cadmium Plate (QQ-P-416) or Zinc Plate 
(AN-P-32). 


Exceptions: 


a. Parts welded to unplated structure. 
b. Structures too large for plating baths. 
c. Parts too difficult to clean. 

d. Cables and wire. 

e. Bearings or journals. 

f. Parts operating in grease or oil. 

g. Armor plate. 

h. Other permissible coatings approved. 


Other Coatings Authorized: 


a. Chromium Plate (AN-P-39) primarily for wear or 
abrasion resistance. 

b. Nickel plate (AN-P-34) for high temperature. 

c. Tin plate for lubrication and for parts to be seldered. 

d. Tin-cadmium for high corrosion and wear resis- 
ance. 

e. Metal spraying for exceptions b and c. 

f. Hot dip coatings such as galvanizing occasionally 
for special applications. 

g. Phosphate coatings (JAN-C-490, Grade I) on 
non-critical parts to be painted and not in contact 
with aluminum. Other grades authorized for spe- 
cial applications. 

h. Black oxide coatings for special applications. 

5. Brass, Bronze. 
Copper and Nickel: Same as for 4 except only in contact with magnesium 
or aluminum. 


TABLE Protective Systems 


No. of Coats! of Paint 
Enamel or 
| Varnish? 
j MIL-E-5556 
Zinc | MIL-V-6894 Coating? 
Chromate | Lacquer AN-E-3 Permanent 
Class of Primer AN-L-29 or | MIL-E-5557 Resin 
Protection MIL-P-6889| MIL-L-6805| MIL-V-6893 | MIL-R-3043 
2 1 Re 
2 2 
4 
1 2 
3 
B.. 2 
1 


1. Approximate Thickness: Zinc chromate primer 0.00025-in.; Varnish 0.002-in.; 
Lacquer 0.001-in.; Enamel 0.002-in.; Resin Coating 0.0005-in. 


2. Varnish pigmented with aluminum paste AN-TT-A-461, Grade A. 
3. Applied in accordance with Specification MIL-C-5056. 


contractor. The same general philosophy surface 
treatment and plating also carried out practical- 
all accessories items, either direct reference 
the parent specification inclusion pertinent 
portions the specification for the item acces- 
sory. 
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The use paint controlled Military Specifica- 
tion MIL-F-7179 the requirement which, insofar 
metal parts are concerned, are summarized Tables 
III through VI. Table III defines the various possible 
combinations organic finishes terms Class 
Protection. The allocation each combination 
specific class protection based experience. 
Table shows the class protection required 
specific metals when used various types air- 
craft. will noted that all seaplanes are required 


Paint Requirements 


TYPE AIRCRAFT 


Seaplanes! Landplanes 
Transports 
Trainers 
Combat, and 
Including Adminis- 
All Types Helicopters trative 


2Ex- | In- Ex- In- Ex- In- 
terior) terior) terior) terior) terior) terior 


MATERIAL 


1. 2S. 3S, 52S, 51S, Clad Alloys, 
when aluminum color is speci- 
fied for the exterior (cf. spec. | 
SR-2). See under 
items 7 and 8. | 


. Corrosion Resisting and Heat D D 1D D | Ds D 
Resisting alloys, when alumi- 
num color is specified for ex- | | 
terior (cf. spec. SR-2). | 
| 
| 


Dip Coated Parts, when alum- 
inum color is specified for the | 
exterior. (cf. spec. SR-2). | | 
4. Magnesium Alloys. AA AA AA AA‘* | AA AA* 
5. Armor Plate. A B A B | 
6. Anodized Aluminum Alloys Not | A A A Cc | A Fe 
7. Surfaces Exposed to Exhaust | A A A | A | A A 
Gases, unless more protection 
already required. | 


and Ailerons, and all Other | 
Items Not Specifically Covered 
above. | | | 


toms,5 Trailing Edges of Flaps ‘ 


1 Seaplane =All aircraft operating wholly or in part from water, such as 
flying boats, airplanes with float type alighting gear, amphibians or con- 
vertibles. 

2 Exterior =All surfaces on outside when all doors, ports and flaps are closed. 

3 Normally these exterior metal surfaces will not be painted except as 
necessary for application of insignia, markings, anti-glare coatings. 
Paint required for these purposes shall be in accordance with sy stem A. 
Bare surfaces either waxed or given one coat clear lacquer, specification 
MIL-L-6806. 

4 Three coats of zinc chromate primer also acceptable. 

5 Hull Bottoms—All surfaces below a line 12 inches above full load waterline. 


finished the same regardless the intended 
mission the airplane. Landplanes are divided into 
two basic categories, combat aircraft and transport 
and trainer aircraft, with superior finishes being re- 
quired the exterior surfaces the former. Figure 
emphasized the necessity for this superior finish 
even the more corrosion resisting types alloys. 

Experience and analysis show that joints require 
generally superior types protection because 
their tendency trap corrosive media intimate 
contact with the metal and Table summarizes the 
treatment required. Study Table naturally raises 
the question what constitutes dissimilar metal con- 
tacts. The working definition dissimilar metals for 
purposes aircraft construction are given Air 
Force-Navy Aeronautical Design Standard AND- 
10398, the contents which are presented Ta- 
ble VI. 

The fact that the various grouping Table 
roughly follow the electromotive series should 
taken confirming the basic validity the electro- 
chemical theory rather than the method used 
assigning the various metals their specific groups. 


TABLE Metals—Definition 
(From AND10398) 


GROUPING METALS AND 
Group I— Magnesium and its alloys. 
Group II—Cadmium, Zinc, and Aluminum and their Alloys. 
Group Lead, and Tin and Thier Alloys (Except Stainless 
Steels). 
Group IV—Copper, Chromium, Nickel, Silver, Gold, Platinum, 
Titanium, Cobalt, and Rhodium and Their Alloys: Stain- 
less Steels; and Graphite. 


ALLOYS 


Explanatory Notes 


1, This drawing is intended to define dissimilar metals for the purpose of air- 
craft equipment construction. The protection of joints involving dissimi- 
lar metals as defined herein shall conform to the detail requirements of the 
applicable specifications and drawings as released by the Navy Bureau of 
Aeronautics or the Air Materiel Command, as applicable. 

2. For the purpose of this drawing the metal referred to is the metal on the sur- 
face of the part; e.g., zinc includes all- -zinc parts such as castings as well as 
zinc-coated parts, whether the zinc is electrodeposited or applied by hot dip- 
ping or by metal spraying, over similar—or dissimilar—metal parts. 

3. This drawing does not apply to standard attaching parts such as rivets, bolts, 
nuts, and washers which are component parts of assemblies which will be 
painted prior to being placed in service. 

4. For further background information on the behavior of coupled dissimilar 
metals, reference is made to corrosion handbook edited by H. H. Uhlig. 


Rules 


1. Metals classified in the same group are considered similar to one another. 

2. Materials classified in different groups are considered dissimilar to one an- 
other. 

3. The classification of metals not listed hereon shal! be as released by the Navy 
Bureau of Aeronautics or the Air Materiel Command, as applicable. 


TABLE V—Treatment Joints 


DISSIMILAR METALS 


1. General Rule | General schedule except no more than 2 

| coats primer required to each. No effort 
required to paint otherwise unpainted 
lapped surface. 


edges. 


Touch 


2. Magnesium 


| ‘General echedule on each eurface. 
up cut edges. 


Landplanes Seaplanes 
2 coats primer each surface. Paint all cut | 2 coats primer each surface. Caulk and 
| fillet joint!. 
General echedule. Caulk and fillet joint!. 3 coats primer each surface. Caulk and 


fillet joint!. 


. Attaching Parts, e.g., 
Rivets, Bolts, etc. 


Detail painting not required. Touch up ex- 
posed surfaces after assembly to general 
schedule. 


| Bolts dipped wet primer prior installation. 
Touch up exposed surface after assembly 
to general schedule. 


| Bolts dipped wet primer prior installation. 
Touch up exposed surface after assembly 
to general schedule. 


No finish in joint. Touch up after assembly 
to general schedule. 


4. Bonding & Electrical 
Connectors 


No finish in joint. Touch up after assembly 
to general schedule. 


No finish in joint. Touch up after assembly 
to general schedule. 


5. 5. Gas Tight, F uel Tight “Same as general rule plus approv red special | 
and Water Tight Joints) caulking compound. 


| Same as general rule plus approved special 
caulking compound. 


Same as general rule plus approved special! 
caulking compound. 


| ‘Assemble with non-corrosive grease or oil 
or wet primer or zinc chromate paste. 
Touch up exposed surfaces to general 
schedule. 


6. Press or Slip Fits. 


Assemble with non-corrosive grease or ah 
or with wet primer or zinc chromate paste. 
Seal edges with primer and touch up ex- 
posed surfaces to general schedule. 


Assemble w with non-corrosive grease or oil or 
wet primer or zinc chromate paste. Seal 
edges with primer and touch up exposed 
surfaces to general schedule. 


1 Caulk joint with zinc chromate paste or rubber cement to form a watertight connection or use vinyl tape to provide positive insulation. 


| | | | 
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The primary basis selection experience air- 
craft construction and the effects expected 
the light the basic finishes required Table 
and the frequency particular contacts expected. 
Thus, the grouping together the theoretically dis- 
similar metals Group based their effect 
the metals the other groups and the fact that, 
airframe construction, their being joined together 
relatively rare occurance. Further, even when 
joined together, the general schedules Table 
will normally provide adequate protection. 


Naturally, the rules given Table are not uni- 
versally applicable, especially when the couples occur 
such locations make application organic 
finishes impracticable, e.g., the interior valves, 
etc. such cases, necessary rely attempts 
reduce the effect the couple means other 
than paint. has been found that the tables prob- 
ible effects various couples given have 
proved most helpful. These tables list the probable 
direction attack based the relative sizes the 
pieces joined. using these tables should 
remembered .that for the most part, and unless total 
immersion expected, the relative size the two 
metals should considered equal since that part 
the material not exposed the electrolyte will 
not contribute the rate direction attack. 


Tables through are not applicable all 
parts the airframe without exception. For obvious 
reasons, paint omitted from all working surfaces 
and thoroughly lubricated parts, with reliance for 
corrosion protection being placed the surface 
treatment plating used together with the lubricant 
anti-seize compound which must applied. 


this connection, all such materials are carefully 
selected insure some corrosion inhibitive proper- 
ties. Paint also omitted from interior most tub- 
ing, both structural and plumbing. Aluminum struc- 
tural tubing may painted but usually all struc- 
tural tubing coated internally with linseed oil 
hard film corrosion preventive compound. Practical- 
magnesium tubing used naval aircraft 
although some usage planned for methyl bromide 
fire extinguishing systems because the greater re- 
sistance magnesium, compared with the alum- 
inum alloys, the corrosive effects methyl bro- 
mide vapors. For this application the use phenolic 
resin, specification MIL-R-3043, contemplated. 

Paint also omitted from the interior surfaces 
aluminum tanks avoid contamination the con- 
tents. steel tanks special fuel resistant lacquer 
such that covered specification MIL-L-6047 
used. Some magnesium oil tanks have been ap- 
proved and the use resin coating thereon con- 
templated. 

Items such control cables and closely coiled 
springs are coated with hard film corrosion preven- 
tive compound control chains are coated with 
low temperature lubricating oil, specification AN-0-6, 
which has polar additive incorporated im- 
prove its corrosion preventive properties. The matter 
proper coatings for control cables has never proved 
too satisfactory. Before 1938 they were usually coated 
with the old familiar beeswax-grease white lead- 
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tallow combinations. These were abandoned because 
difficulties with fouling sheaves and fairleads 
and because the compound never really penetrated 
into the inner layers the wire where most the 
corrosion damage seemed occur. The AN-C-52 ma- 
terial, being the solvent cutback type, does pene- 
trate but the very act penetration, which made 
possible the solvent, does not assist the internal 
lubricant the cable. Attempts have been made 
avoid this difficulty using stainless steel wire 
control cables but not with totally satisfactory re- 
sults because stretch. Recently, therefore, pro- 
gram develop proper coating for cables which 
could applied simply and which would stand 
under repeated flexure was initiated the Naval Air 
Experimental Station. While not complete, appears 
that certain formulations involving polyvinyl resins 
offer promise. This urgent program because, 
today, replacement control cables the field 
fairly regular procedure and invariably ac- 
complished overhaul. 

Another exception the general rules that sec- 
tion the airplane which the engine side 
the firewall where the use paint held the 
minimum. The original purpose this was reduce 
the fire hazard. Paint omitted from all parts fab- 
ricated from corrosion resisting steel alloys, heat re- 
sisting alloys, plated metal, hot dip coated metal 
metal sprayed metal. Other materials receive one 
coat zinc chromate primer landplanes and two 
coats seaplanes. Apparently the heat generated 
this area together with the thorough ventilation re- 
ceived all times and the general prevalence 
oily film serve minimize any corrosion which 
might otherwise expected occur, although trou- 
bles with vibration isolators and cowl flaps the 
type previously discussed Kirchner and 
have also been encountered. 

Acid resistant paint conforming specification 
TT-L-54 applied areas subject battery acid 
spillage and spray and those areas adjacent 
urinals subject the same inaccuracies and for the 
same reasons advanced Kirchner and Morris.* 


Special Problems 


The preceding sections this paper have been 
devoted for the most part exposition the 
hazards and the general methods used combat 
these operating aircraft. While the general meth- 
ods outlined section have provided adequate so- 
lutions most problems, they not, like most 
generalities involving corrosion, cover every situa- 
tion. This section will devoted special 
problems for which the general methods not 
cannot work for various reasons. 


5.1 Magnesium Alloys 


Magnesium alloys have been used for many years 
naval aircraft and experience over the years had 
generally indicated that corrosion this material 
was being kept under control. true that control 
has necessitated extensive precautions and additional 
labor, both during production and overhaul, but this 
has been well justified view the only alterna- 
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Figure 8—Corrosion hub magnesium wheel. Note severe corrosion 

area adjacent axle and grease retainer snap ring groove but 

general absence corrosion bearing outer race seat which had 
protective coating. 


Figure 9—Corrosion magnesium brake bracket. Note build-up 
corrosion product adjacent piston return springs which are spring steel. 


tive, substitution with aluminum, which always has 
presented substantial weight increase. Corrosion 
difficulties with magnesium, when analyzed, usually 
appeared the result improper finishing tech- 
niques aggravated assault dissimilar metal con- 
tacts times when proper maintenance was imprac- 
tical. Figures and are typical examples 
corrosion magnesium alloys caused combina- 
tions these factors. 

During the past war, the magnesium alloys used 


Figure 10—Corrosion magnesium alloy inspection port cover plates. 


were predominatingly fairly heavy castings such 
engine parts, wheels and brakes, valve and instru- 
ment housings and the like. Thin sheet applications 
were generally restricted non-structural applica- 
tions such instrument panels. The use sheets 
and extrusions, and, therefore, much thinner sections 
than castings, has expanded significantly for struc- 
tural applications throughout the airplane, and the 
simultaneous increasing complexity and weight 
aircraft the one hand and the limited capacity 
aircraft carriers the other, contribute situa- 
tion which may prove difficult until such time 
better resistance corrosion magnesium assem- 
blies can insured and obtained more conveniently. 

Figures and illustrate corrosion thin sheet 
magnesium. Figure particularly interesting 
that the corrosion shown developed within hours 
the airplane’s arrival aboard aircraft carrier 
although the same airplane had been operating ashore 
the Los Angeles and Muroc Lake areas for over 
year. While this particular case was aggravated 
failure the contractor pay close attention 
the matter cut edges, the corrosion typical 
the hazard resulting from dissimilar coupling, even 
with aluminum alloys. 

For landplanes the specifications have, heretofore, 
permitted use three coats zinc chromate primer 
each member joint or, alternate, caulk- 
ing the joint. The primer-only scheme has worked 


oh 
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Figure 11—Corrosion elevator trailing edge with magnesium sheet and aluminum alloy extrusion. 
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rather well when the joints were composed sec- 
tions which were thick enough provide rigidity. 
fact, where machined face and close tolerances 
were involved, complete lack finish the joint 
has proven satisfactory provided the edges the 
joint were protected with operating lubricant 
with fillet paint. Prime examples this are the 
magneto mounting pads aircraft engines and the 
bearing cone seats wheels. The latter condition 
graphically shown Figure 

When thin sheets are joined conventional 
means, however, unavoidable gaps occur between the 
rivets other fasteners, such spot welds. These 
gaps permit entrapment water any other liquid 
corrosive magnesium such some the com- 
mon cleaning fluids. essential, therefore, that 
all joints made truly watertight the use 
cement such the synthetic rubber base materials 
previously developed for sealing integral fuel tanks 
that the joint “insulated,” currently being 
done one manufacturer, with vinyl base elec- 
troplater’s masking tape. effect, this dictates rivet- 
ing lieu spotwelding for joining. 

Both sealing techniques have drawbacks. The use 
cements presents practical difficulties the pro- 
duction floor since they must mixed small quan- 
tities and used shortly after mixing. Tape the 
joints may not always prove successful because 
tends squeezed away from the fastener and will 
sometimes contribute loose joint which normally 
cannot permitted the structure. Nevertheless, 
appears inevitable that one the other these 
techniques, laborious they may be, will have 
advantage the inherent properties the magne- 
sium alloys, least for the foreseeable future. 


The final answer lies the direction improving 
the finishing schemes for magnesium point where 
special techniques will not necessary. Such work 
being carried forward many service and com- 
mercial laboratories but not possible predict 
when any significant improvements will achieved. 


should noted particular that the failures 
mentioned above are failures current standard fin- 
ishing schemes which have appeared satisfactory 
the long series atmospheric exposure tests con- 
ducted the Naval Air Station Norfolk the 
National Bureau Standards and Kure Beach 
the International Nickel Company and the Dow 
Chemical Company. The corrosion encountered re- 
sembles the results achieved with tidewater exposure 
more closely than resembles the atmospheric re- 
sults. This may taken rough measure the 
severity shipboard service. addition, actual serv- 
ice conditions are usually different from exposure test 
conditions. Among the factors difference which 
must considered are 


Abrasion and scratching finishes dirt, gravel 
and other causes. 

Vibration the aircraft producing “oil canning” 
effects. 

Manufacturing procedures which not permit, 
practical matter, the care and devotion com- 
mon the preparation exposure panels. 


PREVENTION CORROSION NAVAL AIRCRAFT 


Figure 12—Corroded crankshaft assembly removed from spare engine. 


5.2 Aircraft Engines—Storage Protection 

Over the the problems the prevention 
corrosion aircraft engines have been major 
importance. They are divisible into two phases: 
prevention corrosion during storage and shipment 
and protection during operation. Because the work 
that has been done preservation engines has 
certain amount historic interest and because this 
work has foreshadowed and influenced both the work 
permanent protection and the entire field pro- 
tective preservation and packaging, will dis- 
cussed first. 

will appreciated that aircraft engines repre- 
sent just about the finest workmanship and design 
practices obtainable. There practically excess 
weight aircraft engine and the internal por- 
tions are generally finished carefully controlled 
smoothness. Almost all working surfaces are subject 
corrosion when the engine not performing its 
assigned function. 

For many years the only way preserve air- 
craft engine was fill with thick film corrosion 
preventive compounds. order make the.engine 
ready for service was practically necessary tear 
down, clean each individual part and reassemble. 
The difficulties inherent supporting global opera- 
tions under such conditions are readily apparent. 

With the advent the thin film corrosion pre- 
ventive compounds, attempts were made adapt 
them use aircraft engines such manner 
permit their removal without engine disassembly. 
The first oil type thin film polar preservatives were, 
therefore, developed cooperatively personnel 
Alox Corp., Standard Oil, Pratt and Whitney Air- 
craft and the Bureau Aeronautics. rapidly be- 
came apparent that, while these compounds offered 
much promise, they would not sufficient alone. 
Accordingly, the program was expanded include 
Goodyear, who contributed the pliofilm bags and Da- 
vison Chemical Co., who contributed knowledge and 
experience the field dehydration. The concept 
the dehydrated package was born and carried 
fruition time permit its general use during 
World War II. This was the first known dehydrated 
package used for the protection industrial equip- 
ment and was the forerunner all such packages 
used today. 

During operations the tropics rapidly became 
apparent that replacement dehydrating agent with- 
barriers was necessary almost six times rapidly 
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the United States and that the oily preserva- 
tives were not remaining vertical surfaces. These 
problems were attacked the field increasing 
the number personnel assigned the inspection 
and represervation idle engines but the amount 
corrosion encountered was still very large propor- 
tions. Figure illustrative the type cor- 
rosion encountered. Work towards solution these 
problems was also immediately started along two 
main lines: formulation preservative com- 
pounds which would not run off during exposure 
elevated temperatures; and development water 
vapor barriers which would not behave semi-per- 


meable membranes, with the water vapor 


sion rate increasing logarithmically with increase 
temperature. 

the result many laboratory tests and exhaus- 
tive service tests engines has come the heavy type 
engine preservative compound covered Specifica- 
tion MIL-C-5545. This essentially the old type 
engine preservative compound with certain petro- 
leum waxes added which impart thixotropic char- 
acter the oil. When applied hot and allowed 
cool, definite gel structure formed which, even 
temperatures high 180 degrees will not 
run off vertical surfaces. The gel structure broken 
quite simply stirring other movement, such 
action the piston, and, engine operating tem- 
peratures, the compound possesses essentially the 
same apparent viscosity characteristics engine lub- 
ricating oil. This compound has been standard 
naval aviation for approximately five years and has 
contributed major reduction the corrosion 
spare engines containers and engines installed 
idle aircraft. The marked success the long term 
storage program for complete aircraft one result 
the development this compound. 

The work improvement moisture vapor bar- 
riers culminated the general adoption pressur- 
ized metal containers, now covered Specification 
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MIL-C-5584. These containers, together with the 
proper use the heavy type corrosion preventive 
compound, have reduced the incidence corrosion 
spare aircraft engines. The use these two items 
still the transition stage but analysis records 
indicates that corrosion new newly overhauled 
engines during storage practically non-existent and 
that annual savings the seven figure bracket are 
being achieved. 
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Passivating Characteristics 


Introduction 


ASSIVITY stainless steels matter vital 
interest the engineer and fabricator responsi- 
for the design and manufacture equipment 
these corrosion-resisting alloys. Much confu- 
exists concerning the passivating characteristics 
the stainless steels, the actual benefits gained 
irom passivating treatments and the specific treat- 
ment use. 

large part the uncertainty caused the 
expressed the technical literature the 
subject. These eventually reach the fabricator 
manufacturer the form recommendations 
specifications which are not definite consistent. 
good example impression held many 
belief that per cent nitric acid strongly 
passivating stainless steels. Although nitric acid 
this concentration does accelerate passivation 
some extent, functions primarily cleaner 
remove iron particles, grease and other contamina- 
tion which may present the surface after form- 
ing, machining other fabricating operations and 
which, not removed, may promote corrosion 
pitting under service conditions. Any other cleaning 
method which would effectively remove the surface 
contamination without actualy activating the surface 
would equally satisfactory. 

When the stainless steel clean and completely 
free such contamination, can spontaneously be- 
come passive air under many other conditions 
exposure which are oxidizing nature. Nat- 
urally the minds fabricators and users stain- 
les steels the question what happens with various 
surface treatments such sandblasting and grind- 
ing also important. Some idea what passivity 
and what conditions favor would helpful clari- 
fying these problems and the confusion 
rounds them. 

Passivity associated with many metals other 
than stainless steels and normally found oxidiz- 
ing media. has been observed for many years, the 
classical example being iron 
acid which was first noted the latter part the 
eighteenth century. Studies this particular metal 
have been carried orf since then. Some the more 
recent, made Cone and Anderson, involved de- 
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Abstract 


While has long been accepted that stainless steels 
have the inherent ability passivate air under 
other oxidizing conditions, investigation indicates 
that the rate film growth and the “degree pas- 
sivity” attained vary considerably under different 
conditions. Solution potential measurements offer 
convenient means following the progress the 
film formation. Data show the behavior stainless 
steel specimens various solutions and air after 
prior chemical activation. per cent nitric acid 
solution rapidly produces passive potential com- 
pared air. comparison several stainless steel 
types regard their passivating characteristics 
given and the effect surface finish also con- 
sidered. Results suggest that some instances stain- 
less steels probably owe their corrosion resistance 
the formation protective film corrosion prod- 
uct the surface rather than the passive film 
which, according the usual concept, caused 
oxidizing environment. 


struction this passivity under reduced pressures 
and with revolving 

was Faraday who first postulated that this be- 
havior was associated with protective film—oxide 
layer oxygen—over the and this theory 
has been accepted for many years with some recent 
generalizations. Since that time many other plausible 
theories have also been proposed explain this 
phenomenon, but far none them are accord. 
Any these theories could applicable stain- 
less steels well any the other metals. 

Passivity relative term not expressible any 
definite units such pounds calories, which prob- 
ably accounts for the difficulty reaching any state 
accord among these theories. order deter- 
mine how passive metal alloy may be, usual- 
most desirable make actual corrosion tests 
the particular medium question. This many 
instances involves extremely long times, and con- 
sequently, recent years, potential-time measure- 
ments and polarographic methods have come into 
popular use rapid methods studying passivity. 

Using these electrochemical tools, considerable 
work has been carried out regard the passi- 
vation stainless steels, chiefly because they exhibit 
stable passivity under many conditions while iron 
and many other metals are only temporarily passive. 
Uhlig used potential-time curves studying the pas- 
sivating characteristics the stainless steels 
per cent sodium chloride, and this work found 
that per cent sodium hydroxide produced acti- 
vation 18-8 stainless steel.* also employed such 
measurements his investigation pitting stain- 
less steels* and his work the use carbon monox- 
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Smith studied the pitting stainless steels 
using potential-time measurements and also found 
that saturated the less resistant Types 302 
and 410 alloys showed more noble initial potentials 
than Type Brown and Mears’ showed the po- 
tential sensitized 18-8 steels 0.09 volts more 
active than annealed 18-8. 

The break-through potential also used 
means studying films stainless steels and their 
stability. Mahla and Nielsen’s investigation covered 
large series tests which various artificial meth- 
ods were employed passivate the steels. They 
concluded from break-through potentials that arti- 
ficial passiviation was not dependable for actual ap- 
The opposite view was taken Guitton, 
who claimed that chemical anodic treatments 
stainless steels can produce surfaces perfectly re- 
sistant normally corrosive Results 
threshold potential measurements different halide 
solutions led Uhlig propose his electron configura- 
tion theory passivity when oxide film theory 
did not amply explain the behavior stainless steels 
these 

While considerable work has been done from time 
time the passivitation stainless steels and 
theorization what causes this, much the 
effort has been directed toward the study special 
conditions increase the film stability for increased 
corrosion resistance. Such results all have 
tical value only the sense that the specimens might 
have increased corrosion resistance the particular 
test medium used check the effectiveness the 
passivating treatment, but the results not neces- 
sarily indicate better resistance all other environ- 
ments. 

the other hand some study the time-potential 
curves the actual chemical medium usually 
good indication corrosion resistance that me- 
dium provided activated specimens are employed for 
the test. passivation occurs under these conditions, 
could then concluded that the stainless steel 
probably would show good resistance, since the pas- 

Although not considered method this pres- 
ent study passivation, corrosion tests involving 
initially activated specimens were employed for 
study the passive-active borderline the stainless 
steels sulfuric acid Kiefer and 

Previous data apply only the specific surface 
finishes involved with the test specimens used and 
might not have any significance where some other 
method sample preparation was employed. For 
example, the knowledge that sandblasted surface 
might behave somewhat differently than electro- 
polished surface ground surface has been sug- 
gested Brown and Mears’, who showed that sur- 
face roughness had marked effect the initial 
potential iron specimens polished different de- 
grees. 

was thought that some investigation the 
time-potential curves for variously prepared stainless 
steel specimens might provide interesting informa- 
tion regarding the effect surface and might shed 
more light the passivating characteristics these 
steels. This paper presents the results tests 


six different stainless steels with variety surface 
finishes, well study the behavior several 
stainless types corrisive solutions. All tests were 
conducted room temperature which was essential- 
out this work. 


Material Used 


The samples the six standard stainless steel 
types were obtained from regular mill production 
and represent material commercially available. Be- 
cause they are representative these grades, 
chemical analysis was made the material. Com- 
positions corresponding the type numbers are 
follows: 


TABLE 

ANAL YSIS—Percent 
TYPE Cc Cr Ni Mo 
304.........} 0.08 max 18.00-—20.00 
| 0.25 max. 24.00—26.00 
| 0.10 max. | 16.00—18.00 10.00—14.00 2.00—3.00 


Preparation Samples 


All specimens were sheared from sheet with 
commercial finish and the edges machined suf- 
ficiently remove all shear strain. This was only 
extra precaution since the edges were coated with 
paraffin before testing. All surfaces were carefully 
degreased, iightly pickled cold nitric-hydrofluoric 
acid solutions suitable dilute concentrations and 
then treated warm percent nitric acid for 
minutes. This preparation was intended only 
cleaning operation and pickling time was purposely 
very short that the original finish would re- 
tained. All this material then stood air for period 
not less than week before any tests were started. 

Additional sample preparation involved the spe- 
cial surface preparations such sandblasting, elec- 
tropolishing and mechanical abrasion. Sandblasting, 
which needs discussion, was used one type 
test activating procedure, although lapse 
several minutes could not avoided before potential 
measurements were begun. Electropolishing mill 
finished and sandblasted samples was accomplished 
suitable solutions for each the various grades. 
The resulting polish was reasonably bright all 
cases, and comparable degree for all the types. 
For the mechanically abraded condition, specimens 
were ground with 120X emery immediately before 
testing. 

Experimental Procedure 


All potential measurements were made with ref- 
erence saturated calomel electrode using 
vacuum tube voltmeter. avoid any diffusion be- 
tween the experimental solutions and the electrode. 
salt bridges were employed with auxiliary reser- 
voir saturated potassium chloride into which the 
calomel cell was dipped. Readings were taken 
rapidly possible and the bridge was not left 
contact with the experimental solution any more than 
necessary. 

coating the specimen with paraffin the 
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liquid-air line and above, was made certain that 
all the measurements are taken only the im- 
mersed part the sample. 


regard the actual procedure, specimens were 
checked immediately upon immersion the test so- 
lution and thence suitable intervals afterward. 
These were plotted against time, using logarithmic 
scale the time axis emphasize the marked po- 
tential changes during the early part the test. 
Although such scale does not permit showing 
starting point, the activated potential values were 
all cases shown the starting axis. 


For study the passivating characteristics the 
stainless steels, was naturally necesary begin 
with active condition. For parts the work, the 
activation was accomplished the sample prepara- 
tion procedure alone; namely, sandblasting, electro- 
polishing mechanical abrasion, but other phases 
required chemical activation. The choice solution 
for activation was investigated preliminary work. 
Uhlig’s work indicates that hydrochloric acid 
solution for minutes assures reproducible active 
but the other hand, such long period 
attack does produce considerable change the 
original surface. Furthermore, Guitton showed that 
uniform acid attack long duration tends ac- 
celerate passivation oxygen,® which again would 
not normal characteristic original surface. 


Results preliminary tests with several solutions 
are shown Figure These are time-potential 
curves air for Type 304 after the activating treat- 
ments. With the exception pickling treatment 
hot nitric-hydrofluoric acid solution for min- 
utes, the other treatments all show essentially close 
starting potentials. interesting note that the 
passivation curves all are almost identical shape 
for chemically activated samples, although showing 
different starting potential values. Since was the 
aim this work activate rapidly possible 
preserve the original surface, was decided that 
the use percent sulfuric acid percent 
solution would suitable. noted from the sharp 
breaking curve, activation accomplished touch- 
ing the specimen with iron wire. The percent 
sulfuric solution was selected over the percent 
hydrochloric because the resulting active potentials 
were more nearly reproducible. 

Therefore, the standard activating procedure in- 
volved immersing the samples seconds seconds 
for Type 410) the sulfuric acid solution con- 
tact with iron wire. 


While passivation solutions could followed 
actual potential measurements the solution, 
obvious that air passivation cannot followed 
this manner. order determine the passivating 
characteristics air, was necessary select 
solution which would not harmful the surface. 
N/1000 sodium chloride was found give consistent 
readings and yet because the extreme dilution in- 
volved and the short times needed for readings would 
not expected alter the surface. The curves 
Figure are preliminary data determine the ex- 


tent activation only and have not been carried 
out completion. 
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Figure 1—Effect activating passivation Type 304 air. 
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Figure 3—Effect condition passivation Type 430 air. 


Discussion Results 
Air Passivation 


the discussions for and against passivating 
treatments, one very obvious fact frequently over- 
looked—that air good oxidizing agent abun- 
dance everywhere and very capable, given the 
proper opportunity, passivating the stainless steels 
satisfactorily. One question that frequently arises 
pertains what happens passivity when various 
surface finishes are employed. This information has 
been incorporated Figures and showing the 
results air passivation Types 304 and 430 re- 
spectively, measured intervals N/1000 NaCl 
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Figure 2—Effect surface condition passivation Type 304 air. 
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Figure 4—Comparison passivating characteristics air six 
stainless steels with sand blasted surfaces. 
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Figure 5—Comparison passivating characteristics air six 
stainless steels with ground surfaces. 
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Figure 6—Comparison passivating characteristics air six 
stainless steels with electropolished surfaces. 
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Figure 7—Comparison passivating characteristics air six 
stainless steels with sandblasted and electropolished surfaces. 
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Figure 8—Comparison passivating characteristics air six 
stainless steels will mill finish, cleaned, chemically activated surfaces. 
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solution. Results are plotted with reference the 
saturated calomel cell which taken zero po- 
tential. Points below the reference line are negative 
and represent condition active with respect the 
calomel cell. 


The initial starting conditions included sand- 
blasted only, ground only, mill finish, activated, 
sandblasted and electropolished only, mill fin- 
ish, electropolished, only, sandblasted and electro- 
polished, activated, mill finish, electropolished, 
activated, sandblasted, activated. 

From over-all study the curves, can 
concluded that air passivation not extremeiy 
fast process. can seen, however, that while the 
initial and earlier active potential values show wide 
variations, general, they all approach reasonably 
similar passive potential values after several days’ 
air exposure. Usually then the time elapsed between 
the final step the manufacture equipment until 
its actual placement service would sufficient 
assure the desired passivity. similar behavior was 
shown the four other stainless steel types studied, 
but curves have been included for them because 
they would merely repetiton the same type 
behavior. 

closer examination the individual plotted 
values presents some other practical aspects pos- 
sible interest the fabricator. The electropolishing 
specimens immediately prior the potential-time 
tests showed that little, any, activation occurred 
and indicates that when stainless steel parts are given 
this particular processing they could used im- 
mediately without any further concern about passi- 
vation. The initial potential values observed are 
probably associated with the reactions the anode 
and the characteristics the bath, for noted that 
similarly finished samples can very strongly 


vated the percent sulfuric acid solution. 
? 


regard sandblasting and grinding, curves 
and show that such mechanical operations are 
capable destroying passivity momentarily when 
new fresh surface exposed, but the 
curves indicate that passivation immediately begins 
again air and follows more definite, straight path 
than any the chemically activated specimens. 
also worthwhile mentioning that the air passiva 
tion sandblasted only samples somewhat more 
rapid than any the other cases, usually occurring 
about day earlier, according the two fig- 
ures. 

One point which has not yet been emphasized con- 
cerning these tests that all eight conditions rep 
resented clean samples start with. This avoided 
the complicating influences harmful contamination 
which might cloud the picture concerning the nat- 
ural passivating characteristics these alloys air 
Thus, has been shown that perfectly clean stain 
less steels readily passivate air under wide 
riety conditions surface preparation. 

Immediately after sandblasting grinding, 
slight superficial rust film often forms 
steels particularly humid moist air. also 
observed following exposure reducing acids lik« 
hydrochloric moderate concentrations sulfuric 
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Such rusting continues for only short time and 
then stops completely. The period during which this 
occurs would correspond the active state shown 
the potential-time curves, and would ex- 
pected cease when passive potential attained. 
Experience has shown that the material exhibits its 
good corrosion resistance after this point reached 
and harm has been done the previous be- 
havior. 

the distinct patterns certain curves, 
was thought that plotting all six types together 
after specific treatment might offer good com- 
between the various grades and also offer 
some clues the passivating characteristics. This 
has been done Figures inclusive. 

definite interest the comparison various 
stainless steel after sandblasting only, 
shown Figure and after grinding, shown 
With each these mechanical operations 
which activate actual exposure new surface, 
seen that all the six types behave identical 
manner, and fact all the potential-time points fall 
near the single broken line shown regardless 
the composition the specimen. Figure 
which shows the passivation ground specimens, 

single straight line best fits all the points for all 
ihe types. This behavior has practical value that 
all types apparently have the same passivating char- 
acteristics air after the same mechanical surface 
preparation. greater practical importance may 
the fact that sandblasted surfaces reach passive 
state more rapidly than ground surfaces. 

matter pure curiosity specimen Type 
304 sensitized for one hour 1200 degrees and 
then polished with 120X emery was included these 
Plotted Figure has exactly the same 
slope all the mill annealed specimens but .06 
volts more active. This good agreement with the 
work other investigators.’ 

All these results sandblasted ground speci- 
mens indicate that passivation these cases follows 
logarithmic law, whether the chromium-nickel 
straight-chromium grades are involved. Miley 
discussion the fundamentals oxidation points 
out that low temperatures oxide films are very 
likely grow logarithmically While 
not the intention this paper argue the rela- 
tive merits any one theory regarding the mech- 
anism passivity, the behavior these stainless 
steel samples indicates that their passivating char- 
acteristics air are probably associated with the 
growth oxide film the surface. Considerable 
additional work would desirable along these same 
lines. 

The electropolishing technique frequently used 
finishing operation for stainless steel parts, par- 
ticularly those intricate shapes sizes which 
not readily lend themselves buffing operations. 
The good corrosion resistance material prepared 
this manner generally recognized. Whether this 
result the treatment due the smooth 
surface has not previously been established any 
potential-time measurements. Furthermore, the use 
sandblasting previous the polishing has been 
used special decorative effect. does not harm 
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Figure 9—Comparison passivating characteristics air six 
stainless steels with electropolished, chemically activated surfaces. 
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Figure 10—Comparison passivating characteristics air six 
stainless steels with mill finish, cleaned, chemically activated surfaces. 
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Figure 11—Comparison passivating characteristics air six 
stainless steels with sand blasted, electropolished, chemically activated 


corrosion resistance, but study the passivating 
characteristics would interesting. Figures and 
show electropolished only conditions while Fig- 
ures and show the passivation activated elec- 
tropolished specimens. 

From comparison these curves, one very ob- 
vious conclusion can immediately made—that the 
smooth surface alone not responsible for the good 
corrosion resistance shown 
terial. However, results show that any chemical 
treatment the stainless steels after such polishing 
operations would unnecessary and might even 
more damage than good. 


Figures and show the mill finish and sand- 
blasted samples after electropolishing only. These 
specimens were removed from the bath and with 
short delay possible the initial potential was 
measured. obvious that while this method 
finishing exposes fresh metallic surfaces similar 
mechanical methods, some other factor involved 
which clouds this effect. probable that only 
partial activation accomplished because reac- 
tions involving which evolved the speci- 
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Figure 12—Comparison passivating characteristics six stainless 
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Figure 13—Comparison passivating characteristics four stainless 
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Figure passivating characteristics Types 304 and 


men (anode) during electropolishing. The slightly 
more noble starting potentials the 400 series can 
possibly attributed the different composition 
the specific solution used for them. While all the 
electropolished only samples become somewhat more 
passive air, the degree passivation attained 
greater than that found under other conditions. 
would expected, Type 446 containing the high- 
est amount chromium shows slightly more noble 
potential than the other grades. This evident 
other curves also. 


Chemically Activated Specimens 


Chemical activation specimens would ex- 
pected produce potentials similar those en- 
countered after pickling operation. previously 
explained, steps avoid severe attack the sam- 
ples were chosen that the original surface would 
retained the tests. comparison several dif- 
ferent chemically activated specimens shown 
Figures inclusive. The surface conditions 
represented are mill (2B) finish (Figure 8); mill 
finish electropolished (Figure 9); sandblasted (Fig- 
ure 10) and sandblasted electropolished (Figure 11). 
These show general that mill finish activated and 
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sandblasted activated material will passivate quite 
readily air only few days while the electro- 
polished, activated finish does not reach these po- 
tentials until least week. surprising that 
electropolished activated samples take long pas- 
sivate although they have rather smooth even sur- 
faces which would expected speed the 
mechanism. One very evident point regarding surface 
condition that the specimens having the original 
mill finish plus activation show the most widely vary- 
ing initial potentials and most widely diverging paths 
during passivation air. Thus while much previous 
work has been carried out metallographically pol- 
ished abraded surfaces, does not necessarily in- 
dicate the true conditions passivation the wide- 
used commercial finish. again pointed 
that Type 446 general becomes passive more read- 
ily than the other types. 

Electropolishing plus activating seems ac- 
companied somewhat pronounced 
steps not found with less polished surfaces (i.e. 
finish sandblast). Furthermore, results seem 
indicate that while passive potentials have been 
reached week, they still are not quite noble 
unpolished samples. 


should emphasized that the data presente:! 
thus far apply only passivation air and are 
necessarily related the passivating characteristics 
found other media. 


Passivation Solution 


Although air passivity discussed above very 
desirable characteristic all stainless steels for evi- 
dent reasons, the ability these materials become 
passive the actual solutions where they may 
used increases their value tremendously. Where this 
occurs, there can question concerning their 
corrosion resistance the particular medium. 


The behavior the stainless steels media which 
are only mildly oxidizing the passive-active 
border presents problems that can best solved 
actual tests under the specific conditions. For ex- 
ample, phosphoric acid very mild oxidizing acid, 
and yet the stainless steels are known offer good 
service many such applications. Sulfuric acid 
the passive-active border for certain concentrations 
and temperatures and has been found that stainless 
steels show good resistance its solutions within 
specific 

study solution potentials certain solu- 
tions using activated samples well initially air 
passive ones, was thought that some other useful 
information might derived concerning the stain- 
less steel characteristics. Figures 12, and com- 
pare strong oxidizing acid (30 percent 
mild oxidizing acid (10 percent and 
oxidizing base 

Nitric acid percent concentration 
oxidizing. was selected for these tests with the 
hope explaining its behavior, view the con- 
troversy concerning its effects 
agent. 

Results presented Figure show comparison 
six stainless steel grades. The specimens 
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ally air passive tend become slightly less noble for 
short time and then attain stable value which 
does not change. This has been explained 
transition period between stable states two 
different media. can seen that passivation oc- 
curs rather rapidly this solution with the exception 
Types 304 and 410. This has not yet been ex- 
plained the case Type 304. With Type 410, 
results seem indicate that some slight attack 
might occur period several hours, but 
apparently ceases after that time. 

general picture passivation percent nitric 
shows that the mechanism occurs more rapidly 
-han air, which would expected because the 
-elatively stronger oxidizing ability the acid. 
air passive specimens, however, the effect 
nitric acid treatment very slight, and ques- 
whether would necessary where prop- 
rly cleaned material has previously been permitted 
stand air for any appreciable time. The only 
dvantage percent nitric acid “passivator” 
herefore would seem where the time element 
requires the use fabricated parts almost immedi- 
upon completion. Its application solely 
agent does offer distinct benefit because 
can readily remove surface contamination, and its 
use definitely recommended for this purpose. 

Turning less severe oxidizing acid, the passi- 
vating characteristics are found somewhat 
different than nitric acid. This behavior has 
definite bearing oxidizing ability, for compari- 
son the Figures and shows that considerably 
longer time required reach the passive state 
percent phosphoric acid. This not unlike air 
passivation shown previously, which involved least 
several days, but the other hand, there lack 
stability the passive state percent phos- 
phoric even after week. 

Because stainless steels offer very good service 
many phosphoric acid applications, the results dis- 
cussed below are particular significance view 
the peculiar characteristics shown 

The behavior samples originally passive air 
definitely surprising that they appear activate 
somewhat and actual gas bubbles may evolved 
from the surface indicating some attack. the tests 
are continued the potentials these corroding 
samples gradually assume the same values those 
the samples which originally were specifically ac- 
tivated and the curves coincide from that point on. 
the case nitric acid, the potential shift 
samples originally passive might explained 
attempt the samples assume stable state 
the solution question. not impossible, how- 
ever, that surface film corrosion product might 
responsible for passivity phosphoric acid, 
indicated rather definite attack the medium 
itself. The employment special chemical anodic 
treatments corrosion resistance the 
stainless steels this case well for numerous 
other applications would definitely unnecessary, 
view the characteristics pointed out the 
Curves, 

Because sodium hydroxide concentrations 
percent handled satisfactorily the stainless 
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steels and furthermore definitely nonoxidizing, 
was thought that some potential-time data might 
offer interesting information also. Previous 
another investigator showed that Type 304 stainless 
steel became active percent sodium hydroxide 
which decided contrast its good corrosion 
resistance such case. Only Types 430 and 304 
were employed this work shown Figure 14. 
Activated and passive specimens exposed this solu- 
tion attain stable potential values, Type 430 reaching 
this state the matter few hours while the Type 
304 takes considerably longer. The potential values 
measured sodium hydroxide are all negative 
with respect the calomel cell, and fact the initial 
activated value for Type 304 had higher value than 
any encountered the rest the investigation. This 
does not necessarily indicate that the specimens are 
active since the scale refers only measurements 
taken directly the caustic solution relative 
saturated calomel cell. The potential values gold 
and copper NaOH using the calomel reference 
cell are found the same range the stainless 
steels, and have been purposely entered the figure 
for comparison. Thus, these results indicate that 
stable potential value reached comparable cop- 
per and gold, yet apparently none these metals 
are passive according electrochemical measure- 
ments. This behavior appears directly related 
the performance these materials service. 
has been found that there measurable weight 
loss applications involving contact with sodium 
hydroxide less than approximately percent con- 
centration, but some very slight discoloration the 
caustic solution may occasionally encountered. 
This behavior has never been explained satisfactor- 
ily, but appears that some sort equilibrium 
exists the surface which prevents severe attack 
the stainless steel even though not truly passive 
according electrochemical potential readings. 

recognized that there are certain materials 
which accelerate the passivation rate and increase the 
apparent degree passivation much greater 
extent than the solutions covered this investiga- 
tion. Also there are many agents which have passi- 
vating activating effects which have not been sat- 
isfactorily explained. One the purposes this 
work has been lay the foundation for further 
investigation these phenomena. 


Summary 


Time-potential studies the passivating charac- 
teristics six stainless steels air and several 
solutions offer conclusions having practical value. 
The fabricator can assured that stainless steel 
parts assemblies with clean surfaces will become 
passive within reasonable length time air 
alone. When percent nitric acid employed 
cleaning agent, also will accelerate the rate 
passivation over that found air, but the resulting 
passive state reached about the same either case. 
Ground sandblasted surfaces are found passi- 
vate readily, and many cases more readily than 
other finishes, which should make these even more 
acceptable the user than heretofore. 

While specific laws passivation can de- 
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rived from these data, there are indications that the 
passivation mechanically activated surfaces sim- 
ilar low temperature oxidation. There are also 
indications that the passive effect produced 
and NaOH may caused the formation 
protective film other than one caused oxygen. 
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bituminous coated steel pipe soils low resis- 
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tivity. Many failures occurred the holidays the 
bituminous coating. 


Reply John Piper: 

agree with Mr. Hendrickson’s electrochemis- 
try. not have our system any bare 
ground plate, instead have cast iron ground 
anchors. Inasmuch the steel that set the 
concrete galvanized, doubt whether the cast 


iron ground anchors will anodic that galvanized 
steel. not, however, have any data the con- 


dition these cast iron ground anchors with respect 
corrosion. 


Comment Eberhardt, Subox, Inc., Hacken- 
sack, J.: 

This very interesting paper. Corrosion tower 
footings varies various sections the country. 
some places, corrosion found near the ground line 
and others, found predominantly 3-foot 
depths, Oleoresinous bituminous coatings both 
have been used for painting these footings. The use 
cathodic protection combination with coating 
materials footings has not been thoroughly in- 
vestigated. 


Reply John Piper: 

have only one tower that have attempted 
protect coatings any sort. Several coatings 
were applied this one tower number years 
ago, They have not, however, been examined. our 
opinion that use coatings any sort would 
impractical carried out extensively. 


Comment David Hendrickson: 

The tower footings are set various types 
soils and connected metallically overhead 
ground wire. This will create galvanic cells and cause 
accelerated corrosion the tower footings set 
soils low resistivity. The ground wire should 
sectionalized isolating each section means 
strain insulator. Arcing horns could provided 
each strain insulator. 
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Underground Lead Sheath 
Cable Drainage Systems 


PIKE* 


SWITCHES ‘are 
used drainage systems reduce 
underground lead sheath cable corrosion 
irom stray currents. They function 
valves which automatically permit cur- 
rents flow from the cables through 
metallic bond wires power circuit re- 
turn grounds but prevent their flow 
reverse direction. They close the metal- 
lic bond wires and permit the passage 
unidirectional currents order 
the cables cathodic with respect 
their environments. 
electrolysis switch, illustrated 
the photograph and the schematic 
circuit, has recently been developed for 
use the Bell System. faster 
operating switch than former designs 
and minimizes burning the contacts 


* Bell Telephone Laboratories, Murray Hill, 


New Electrolysis Switch 


when the drainage currents reverse rap- 
idly. Independent adjustments are avail- 
able for controlling the voltages which 
the switch closes and opens the drainage 
bond wire and this means possi- 
ble avoid the recycling chattering 
and consequent breakdown. The new 
switch has operated satisfactorily when 
tested under widely differing conditions 
drainage exposure where previous 
switches required considerable mainte- 
nance, 

Three relays which operate 
sequence. The first polar relay 
having winding and 
winding. The high speed in- 
termediate relay which controls battery 
currents hold winding the polar 
relay and the third which the drain 
relay. This latter relay also fast act- 
ing type which closes and opens the 
metallic bond between cable and power 


Figure 2—Wiring diagram, electrolysis switch. 


Figure 1—Electrolysis switch. 


ground produce the drainage desired. 
The control winding the polar relay 
connected the bond wire terminals 
the switch and reacts the cable 
potential when the switch open and 
the drop the switch when 
closed. All other relay windings are 
energized direct current, obtained 
either from central office battery 
through cable conductors from rec- 
tifier installed adjacent the switch 
and powered through local power 
connection. The control circuit 
equipped with ballast resistor which 
safeguards the polar relay from excess 
currents when the switch open and 
high negative potential may occur. 
addition, the control circuit equipped 
with filter bypass alternating cur- 
rents which may reach from the bond 
wire. Resistances are series with other 
relay windings and are used adjust- 
ing means compensate for losses 
the battery circuit when switch in- 
stalled considerable distance from 
central office. The contacts the in- 
termediate relay are protected with ca- 
pacitor type spark suppressors. 

The switch has been developed two 
current carrying capacities; viz. 200 amp 
and 400 amp. Each size capable 
momentarily carrying currents sev- 
eral times its rating. Each size requires 
minimum volts for operation, 
the 200 amp size requiring approxi- 
mately 4.75 watts and the 400 amp size 
requiring approximately watts. ca- 
pacitor type voltage booster included 
the switch and enables operation over 
higher resistance cable conductors than 
would possible without it. For exam- 
ple, when the 200 amp switch equipped 
with voltage booster operated 
48-volt battery over long circuit, sat- 
isfactory performance obtained when 
minimum currents 0.150 amp produce 
1.5 watts the switch. Likewise the 
400 amp switch can operated mini- 
mum currents 0.165 amp, 1.65 
watts the switch. 

Waterproof housings have been de- 
veloped for pole wall mounting under 
usual conditions and also for use where 
locations. 
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Papers Scheduled for Corpus Christi Meeting 


Three Officials for 
Technical Program 
Galveston Named 


Hoxeng, Research Associate, 
United States Steel Co., Pittsburgh 13, 
Pa. will chairman the General 
Corrosion Round Table the 1952 Con- 
ference held Galveston, Texas 
March 10-14, 1952. Chairman the 
pipe line round table has 
named. 

Gegner, Columbia Southern 
kali Corp., Barberton, Ohio, and 
Coberly, Engineering Department, Mal- 
linckrodt Chemical Works, St. Louis, 
have accepted the posts chairman and 
co-chairman, respectively the Chem- 
ical Industry Symposium. Lieb- 
man, The Dravo Corp., Pittsburgh, Pa., 
has accepted the chairmanship the 
Protective Coatings Industry Sympo- 
sium. 

Copies Draft No. “Guide for 
Preparation and Presentation Pa- 
pers,” compiled the Rules Committee 
under Stauffacher, chairman and 
now under consideration the publica- 
tion committee for final approval, have 
been sent technical program co-chair- 
men. These guides will turn dis- 
tributed symposia chairmen who will 
give copy each person preparing 
paper for presentation during the con- 
ference. 

Jack Harris, exhibits chairman, has 
sent out prospective exhibitors 
inquiry seeking the name the correct 
person each prospect’s organization 
likely interested receiving the 
prospectus and contract for exhibit 
space. 

Robert Bullock, technical program 
chairman also has set the deadline for 
submission 250-word abstracts 
technical articles December 1951 
and the deadline for delivery three 
copies each manuscript February 
These data and general instructions 
the mechanism for handling technical 
papers for the conference 
printed and copies are scheduled 
sent program co-chairmen for even- 
tual distribution prospective authors. 


Reports meetings subdivisions 
NACE should sent Central Of- 
fice sufficient time meet the pub- 
lication deadline the tenth the 
month preceding date issue. 


Twelve papers have been scheduled 
for the technical progrtm the 1951 
South Central Regional Meeting 
Corpus Christi, Texas, October 18-19. 
Three Technical Practices Committee 
meetings will held October 17, 
the day preceding formal opening 
the conference. Various entertainment 
features are scheduled including some 
for October 20, Saturday, and likely 
many visitors will elect stay over 
for the entertainment. 

Technical committees 
meet are: 


Wednesday, October 


TP-1 Corrosion Oil and Gas Well 
Equipment, a.m. p.m., Terrace 


Room 

TP-3 Anodes for Use With Im- 
pressed Currents, p.m. p.m., Ter- 
race Room. 

TP-6G Surface Preparation for Or- 


ganic Coatings. 


TECHNICAL PROGRAM 


Thursday, October 


8:30 8:55 a.m. Some observations 
Atmospheric and Seawteer Corrosion 
the Texas Division the Dow 
Chemical Company Brooks. 

8:55 9:20 a.m. Refinery Painting 
Cook, Gulf Oil Corp. Port Ar- 
thur 

9:20 9:45 a.m. Paint Formulation 
and Manufacture John Nee, 
Briner Paint Mfg. Co., Corpus 
Christi, Texas. 

9:45 10:10 a.m. Corrosion Chem- 
ical Plants Clyde Day, Cela- 
nese Corp. America, Bishop, Texas. 

10:10 10:30 a.m. 
tion Gas Condensate Wells In- 
termittent Injection Alkaline Solu- 
tions Charles Nathan, The 
Texas Company Research 
tories, Bellaire, Texas. 


10:30 a.m. Corrosion and Corro- 
sion Prevention Natural Gasoline 
Plants Jim Zike, Haynes- 
ville Operator’s Committee, Haynes- 
ville, La. 

11:45 1:45 p.m. Luncheon 
ness meeting. Speaker Ander- 
son, Shell Pipe Line Company, Hous- 
ton, Texas. 

p.m. Round table discussion 
papers presented. All discussions 
papers presented earlier will heard 
this session. Listeners are urged 
take notes questions they wish 
ask. Chairman: Charles Gribble, 
Jr.; Co-chairmen, Oxford and 
John Nee. 


Friday, October 

8:30 9:00 am. Hot Applied Tar 
Coatings Shideler, Pitts- 
burgh Coke and Chemical Co. 

9:00 9:20 a.m. Operation Tamale 
Hugh Williams, Jr., City Corpus 
Christi. 


9:20 9:40 a.m. Abstract paper pub- 
Method for Measlring Electrical Re- 
sistance Pipe Line Coatings” 
Lyle Sheppard, Shell Pipe Line 
Company, Houston. 

9:40 10:00 am. Some Corrosion Ex- 
perience with Aluminum Crude Oi! 
Lines Almont Ellis, Interstate 
Pipe Line Co. 

10:00 10:30 Glass 
Plastic Pipe Boggs, Perrault 
Bros., Tulsa, Okla. 

10:30 11:00 Minimum Curren: 
Density Requirements for 
Protection Roy Comeaux, 
Humble Oil and Refining Co. 

1:00 4:30 p.m. Round table discussior: 
papers presented earlier. Listeners 
are urged take notes questions 
during presentation. Chairman, 
Service Corp.; Co-chairmen: Oliver 
Osborn, Dow Chemical Freeport. 
Texas, and Roy Comeaux. 

Social events announced include lunch 
eon October 18, chartered boat ride 
Nueces Bay p.m. that same day, 
fellowship hour and seafood dinner 
the evening October and sight- 
seeing trip and barbecue King Ranch 
the morning October 20. Enter 
tainment will provided for visiting 
ladies. 


Report Designated 


“High Pressure Sweet Oil Well Cor- 
personal contribution the author 
the August, 1951 issue Corrosion has 
subsequently been designated Techni- 
cal Committee Report TP-1C 
Sweet Oil Well Corrosion. The report 


has been given the publication number 
51-5. 


Questions Solicited 


Members Western Region have been 
asked submit questions advance 
the coming corrosion conference, 
held Los Angeles November and 
which may answered during the 
nical sessions held the ninth. 
Senatoroff, Southern Counties Gas 
Co., Los Angeles, collecting the 
questions. 


Detroit Officers Named 


The following officers have 
elected Detroit Section: Jack 
LoPrete, Spray-Coat Engineers, Inc., 
Detroit, chairman; Leon Cook, 
Wyandotte Chemicals Corp., Wyar- 
dotte, Mich., vice-chairman; Proctor 
Coates, Michigan Bell Telephone 
Detroit, secretary; Cavanagh, 
Parker Rust Proof Corp., Detroit, treas- 
urer. 
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October, 1951 


Southwestern Ohio 
Outlines Six Meetings 


Southwestern Ohio Section has sched- 
uled six dinner meetings for the next 
eight months, under the direction 
Program Chairman Roy McDuffie 
the Metallurgical Department the 
University Cincinnati follows: 

October 30—Boiler Feed Water and 
Gases Robert Andree Day- 
Power and Light Co. 

November Plant Cor- 
round table discussion with 
Crane Cincinnati Chemical 
discussion leader. 

January 17—Joint meeting with the 
\merican Society for Metals the 
Club 6:30 p.m. Woodburn 
McMillan St., Cincinnati. Frank 
International Nickel Co., 

March 25—Galvanic Corrosion and 
Materials Raymond Hox- 

United States Steel Laboratories. 

April 29—Industrial Waste Arthur 
Waste Disposal Engineer, City 
Cincinnati. 

May 27—Recent Developments 
Corrosion Resistant Metals and Alloys 
Mars Fontana, Ohio State Uni- 
versity, Hotel Biltmore, Dayton, 
Lino. 

All meetings except noted will 

Shuller’s Restaurant, 7769 Reading 
Cincinnati, 6:30 p.m. 


NACE Abstract Index 


Revision Issued 


June 1951 revision the NACE 
Abstract Filing Index has been issued 
the Abstract Committee. Numerous 
changes have been incorporated this 
index, which has been the object 
more than eight months study 
members the committee. This revision 
the basic index which will used for 
the classification Abstract Filing 
Cards, first shipment which was made 
subscribers last month. When needed, 
revisions this version will made 
and issued, although virtually cer- 
tain now future changes will limited 
additions. 

June 1951 Revision, current ver- 
sion the index will used index 
technical material published Corrosion 
during 1951. The annual index issue 
December will contain the June revision 
order that the tabular cross-referenced 
index may made effective. 

The abstract file index also being 
used Central Office file technical 
literature received from commercial or- 


Paint Course Offered 


“Paint Engineering Material,” 
technology offered Case Institute 
Technology, Cleveland, Ohio with 
sessions starting September and last- 
ing through January 25. The course will 
cover theoretical and practical considera- 
selecting and evaluating coatings 
and coating systems. 


NACE NEWS 


Shreveport Section Holds Corrosion Control 


Short Course for Foremen, Linemen and Others 


Shreveport Section held Corrosion 
Control Short Course September and 
similar the one conducted during 
September 1950 and designed specific- 
ally assist non-technical employees 
engaged installation, operation and 
maintenance electrical protection and 
other corrosion control equipment. 
though the course was intended prima- 
rily for foremen, telephone linesmen, 
electricians and others similar non- 
technical occupations employees en- 
gineering departments 
among the students. 


you can count 


Registration fee for the course was 
$10 and included noon meal Thursday, 
steak supper Thursday and noon meal 
Friday. Poindexter, General Pipe 
Line Superintendent, Eastern Division, 
United Gas Pipe Line Company, 
Shreveport, La., handled registrations. 

The scheduled program was: 


Thursday Morning 


10—Registration Centenary College 
Science Building, Olive. 


(Continued Page 


protective coatings 


From cactus country the north woods, Reilly Pipe Enamels are 
being used with equally satisfactory results. “Reilly Research” has 
regulated the makeup these pioneer pipe enamels that they 


protect all weather extremes. 


Reilly Pipe Enamels have been field-tested and service-tested. They 
flow sag high temperatures, nor crack check low 


temperatures. 


Write today for complete information about Reilly Protective 


Coatings. 


For Further Information, Please Write 


REILLY TAR CHEMICAL CORPORATION 


Merchants Bank Building 
INDIANAPOLIS IND. 
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Shreveport Section 
(Continued from Page 

combe. Welcoming remarks, 
Abernathy. 

10:30 11:30—Causes Corrosion, 
McDonald. Discussion. 

11:30 12:30—Oil and Gas Well Cor- 
rosion, Sullivan. Discussion. 
Thursday Afternoon 

12:30 1:45 p.m.—Luncheon. 

1:45 2:15—Pipe Line Corrosion, 
Levert. 

2:15 2:45—Pipe Coatings, 
Broome. 

2:45 3:15—Cathodic Protection, 
Beezley. 

3:15 4:00—Discussion preceding 
topics. 
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4:00 4:15—Intermission. 

4:15 5:00—Oil Storage Corrosion, 
Rawlins. Discussion. 

5:30 7:30—Cocktail hour. 


Friday Morning 


9:00 9:45—Plant Corrosion, 
Trusty. Discussion. 

Evans. Discussion. 

10:30 11:00—Rust preventive, Dr. 
Arnold Hoiberg. Discussion. 

11:00 on—Lunch and Field Trip. 


Advance notices meetings cor- 
rosion interest should sent COR- 
ROSION sufficient time permit 
publication issue distributed before 
the meetings are held. 


can save you thousands 
dollars worth 
hard-to-replace 
equipment and property 


PITTSBURGH 


COKE CHEMICAL 
Pitt CHEM 
PROTECTIVE 
COATINGS 


Piu Chem Protective Coatings guard 
your equipment with tough, surface- 
protecting film 
sheath against strong chemicals, high 
temperatures, atmospheric exposure 
and other destructive elements in- 
dustrial corrosion and contamination. 
Pitt Chem Coatings are completely uni- 


Hot Applied Tar Base Coatings 
Cold Applied Tar Base Coatings 
Alkyd Base Coatings 

Chlorinated Rubber Base Coatings 
Vinyl Base Coatings 

Phenolic Base Coatings 


3726 


COKE CEMENT PIG IRON COAL CHEMICALS ACTIVATED CARBON AGRICULTURAL CHEMICALS PROTECTIVE COATINGS PLASTICIZERS 


form and dependable because they are 
terials finished product. find 
the cost safeguarding your equipment 
with Pitt Chem surprisingly low. For 
more information, write for new book- 
let, “Control Corrosion Through Pitt 
Chem Protective Coatings.” 


Protective Coatings 


COKE CHEMICAL CO. 


GRANT BUILDING PITTSBURGH 19, PA. 


Corrosion Leaders Will 
Talk Permian 
Basin Tour Session 


Several national leaders corrosion 
are expected give short evening talks 
discussion sessions during the 
Permian Basin inspection tour conducted 
the Permian Basin Section, Nationa! 
Association Corrosion Engineers. 


Air conditioned buses will used 
take participants inspection sites dur- 
ing the tours which will held with 
headquarters Lincoln Hotel, 
Texas, October and 16. 


The $15 registration fee covers al! 
tour activities including transportatio: 
each day, evening sessions, closing 
night barbecue, list inspections 
report the tour which will 
mailed. Registration will from 


p.m, Sunday, October until a.m. 
October 15. 


Talk Abstract Filing 
System Scheduled 
Dr. Parker Detroit 


Dr. Ivy Parker, editor Corrosion. 
will include discussion the National 
Association Corrosion Engineers 
card index paper entitled “The Lit- 
morning, October 18, session 
Metals Section Special Libraries Asso- 
ciation Detroit. This session part 
the World Metallurgical Congress 
and Exposition held October 15-19. 


Included also during the libraries’ pro- 
Metallurgical Literature and Informa- 
tion,” Benjamin Fullman, 
formation officer the British Nonfer 
rous Metals Research Association and 
“Experience With the ASM-SLA Classi 
fication Metallurgical Literature,” 
Miss Alvina Wassenberg, Kaiser Alumi- 
num and Chemical Corporation. This 
also will demonstration punched 
cards. 


The Metals Section the Special 
braries Association will have 
working reference library its booth 
the exposition. There will exhibi- 
tion reference services, foreign 
American technical books 
cals and card catalogs will available 
for study. 


Sessions are open visitors. 


Aluminum Plating Study 
Grant Extended 


Virginia Technological Institute, 
Blacksburg, Va., has received 
grant $9300 continue study for 
air materiel command plating 
minum steel. First grant the proj 
ect, begun April, 1950, was $4300. Dr. 
Nelson Murphy, research professor 
chemical engineering, charge th: 
fundamental research project, assisted 
Dr. eter Watkins. 
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USING SULFURIC ACID? 


Under many pressures, concentrations and lead the ideal material for 


handling sulfuric acid. safely handles other corrosives well. 


For fabrication. lead unique. Sheet lead can welded. “burned”, form 


continuous lining; can bonded another metal. Lead can cast, die cast 
pressure molded: extruded pipe other shapes: fastened welding, flanging 


bolting. Once installed. lead chemical equipment easily repaired with welding torch. 


Because the many complex factors any corrosion problem, expert advice 
usually advisable. For complete technical see Federated first. For lead 


products, think ASARCO Brand lead pipe, lead sheet, and lead fittings. 


Available all standard sizes and forms through Federated’s sales offices 


across the country. 


AMERICAN SMELTING AND REFINING COMPANY 120 BROADWAY, NEW YORK 
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Metallurgical Topics Feature Houston Section Programs 


Ten meetings held beginning 
September and ending May, 1952, 
have been scheduled Loeffler, 
Thornhill-Craver Company, chairman 
and member the Houston Section 
program committee, Scherer, 
Texaco Pipe Line Company; Dar- 
ling, Pan American Refining Co., and 
Holmberg, consulting metallurgical 
engineer. The principal theme the 
meetings corrosion metals, with ac- 
cent petrochemical and oil production 
problems. 

The program follows: 

September 11—Special joint meeting 
with the National Instrument Society 
during its national conference Hous- 
ton. Speakers: Marshall Parker, con- 


COSTS LESS 


lining steel pipe 


largest plants. 


CORROSION 


FITTINGS 
TUBING 


with nickel—or other anti-corrosive met 


time tested exclusive development Bart Manufacturing Corporation 
during World War Il, inspired the need for 
corrosive-resistant pipe replace critical nickel and stainless steel. Now 
LECTROCLAD pipe, fittings and tubing are manufactured and available 
commercially. Already hundreds miles are use many the world’s 


*The BART LECTROCLAD PROCESS electrolytically deposits 
corrosive metal lining the surface steel pipe from 
diameter and foot random lengths. Conserves metal—consider- 
ably LESS nickel used LECTROCLAD than conventional solid nickel 
pipe and the cost approximately TWO-THIRDS LESS. 


LECTROCLAD pipe, fittings and tubing are the solution for cost reduction, 
corrosion protection and contamination for any company that uses cor- 
rosive materials the manufacture their products. 


Write Dept. C10 today for complete details and technical data. 
Names large users LECTROCLAD available request. 


sulting corrosion engineer, “The Corro- 
sion Engineer’s Field Instruments.” 
Judah, NACE Central Office 
staff, “Instruments Used the Labora- 
tory Study Corrosion Reactions.” 

September 18—Regular dinner meet- 
ing. Speaker, Mars Fontana, Ohio 
State University, vice-president NACE, 
“Corrosion the Chemical Industry.” 
Dr. Fontana will stress materials resist- 
ant hydrochloric and sulfuric acids. 

October 9—Speaker: Alfred, as- 
sistant superintendent Shell Pipe Line 
Co., Houston, “Internal Pipe Coating for 
Corrosion Floor discussion 
Sheppard. 

November 6—Regular meeting, also 


* 


joint meeting with the American Society 
for Metals. Place: Ben Milam Hotel, 
Houston. Speaker: Verink, “Alu- 
minum the Petrochemical Industry.” 
Provision has been made for discussing 
pipe lines, tank roofs, tank supports and 
other applications. 

December 11—Speaker: Wayne Friend, 
The International Nickel Co., Inc., New 
York City, “5% and Nickel Tubing, 
Its Metallurgy, Application and Abuses.” 
Galvanic couples and hydrogen embrit- 
tlement also will covered. 

January 8—Speaker: George Kiefer, 
Allegheny-Ludlum Steel Corp., Brack- 
enridge, Pa., “The Identification, Specifi- 
cation and Application Straight Chro- 
mium Alloy Stainless Steels Petro- 
leum Procesing and Production.” This 
those having problems with high carbon 
dioxide condensate and sweet oil wells, 
refiners needing Type 410 pressure 
vessel linings and fittings and all 
metallurgists and heat treaters interested 
processing Type 410 alloy steel. 

February 12—Regular meeting. joint 
meeting with Houston University Junior 
Section NACE. Program: color and 
sound motion picture approximately 
minutes duration, “Elementary Cor- 
rosion,” supplied Allegheny-Ludlum 
Steel Co. Second part the program 
will consist talk one the top 
students the Houston University Sec- 
tion pipe line subject. 

Student members present will given 
the following books: “Spot Field Testing 
Metals,” International Nickel Co.; 
“Stainless Steel Hand Book,” Allegheny- 
Ludlum Steel Co.; “Aluminum Alloy 
Hand Book,” Aluminum Co. America. 

March 18—Regular meeting. Program 
—First period: Farr, Hughes Tool 
Co., Houston, “Fatigue Corrosion 
Drill Stems.” Second period: Stanley 
Moore, Drill Collar Service Co., Midland, 
Texas, “Reducing the Corrosion Factor 
Drill Stem Failures Application 
Cathodic Protection.” This topic cov- 

(Continued Page 


Session Oxidation 
High Temperatures 
Set Metal Congress 


The Institute Metals Division, 
American Institute Metallurgical En- 
gineers will present symposium 
High Temperature Oxidation Metals 
and Alloys Monday, October from 
during the 33rd National 
Metal Congress and Exposition De- 
troit, Mich. 

Papers the symposium are: 

Oxidation Titanium, Iron and 
Tungsten Borides Steaming Ammonia 
and the Existence New Tungsten 
Nitride Roland Kiessling and 
Liu, University Uppsala, Sweden. 

High Temperature. Oxidation Cop- 
per-Palladium and Copper-Platinum Al- 
loys Thomas, Westinghouse 
Electric Corp. 

Mechanism and Kinetics the Scal- 
Simnad and Birchenall, Carnegie 
Institute Technology. 

Thermal Variations Young’s Modu- 
lus Some Fe-Ni-Mo Alloys Morris 
Fine and Ellis, Bell Telephone 
Laboratories. 
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NACE NEWS 


Lowering piling test specimens into place. Sea water some- 
thing more than mixture chemicals; its corrosive action 
over extended period can studied properly only exposure 
specimens attack under natural conditions. 


New testing station 
provides expanded facilities 
for corrosion studies 


During the past years, the Atlantic Ocean Kure Beach 


served giant test tube for studying attacks sea water 


and salt air upon more than 35,000 specimens, including vir- 


tually all types metals and alloys. 


Running water troughs. For studying the action sea water 
Storm damage the basin, which the underwater tests were 


conducted, compelled establishment new and protected troughs, shown above. The total length trough used for this 
purpose now amounts about 600 feet. 


testing station. Accordingly, some miles north, Harbor 


Island, the new Inco Marine Laboratory was built provide 


expanded facilities and even better “Ocean Test Tube.” 


This new Harbor Island station, along with the atmospheric 


test racks retained the shore Kure Beach, now widen 


the scope cooperative enterprise for fighting industry’s 


common enemy corrosion. 


The vast amount valuable data accumulated over the years 


will continue made available all industry, well 


government agencies for whom and with whose coopera- 


tion much the research has been undertaken. You are 
q 


invited consult your corrosion problems. 


. 


pheric test lot Kure Beach which over 20,00@ specimens 


have been exposed, some for over nine years. The racks face 
south, and the specimens, supported porcelain insulators, are 


all set slope degrees. 


THE INTERNATIONAL NICKEL COMPANY, INC. 


View Harbor Island Laboratory and Testing Station. 

7 
Atmospheric and spray test lot. Shown above part the atmos- 
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ers protection achieved through use 
magnesium ring anodes. discussion 
from the floor Oliver Osborn Dow 
Chemical Co., Freeport, will follow Mr. 


the Silent Watchman 


Vol. 


Western Region Weighs Rotating Offices; 
Revised Program for November Issued 


Plans Western Region rotate 
regional offices among members from 
the several sections the region and 
solicitation from each section full 
slate candidates for regional officers 
increase interest the election 
1952 officers. Offices filled are: 

NACE director for Western Re- 
gion, year term. 


Moore’s talk. exhibit materials 
will provided. 

April 8—Regular meeting. Camp, 
Humble Oil and Refining Co., Baytown, 
Texas, “Graphite Precipitation-Migration 
Low Pressure Atmospheric Tempera- 
ture Refinery Vessels.” This will fol- 
Darling, chief engineer, Pan American 
Refining Co., Texas City. exhibit 
specimens will provided. 

May 13—Regular meeting. Speaker: 
Bilhartz, Atlantic Refining Co. 
Dallas, Texas, “Studies High Pressure 
Sweet Oil Well Corrosion.” chart will 
distributed referring correlated 
studies well corrosion. floor discus- 
sion the same subject will given 
Buchan, Humble Oil and Refining 
Co., Houston. display specimens 
will provided Atlantic Oil Co., 
Shell Oil Co. and Humble Oil Co. 

Members the program sub-commit- 
tee are William Vierling, Tin Processing 
Co., Texas City; Holloway, Hous- 
ton Pipe Line Co., Edna; Starr Thayer, 
consulting engineer, Houston; 
Brendel, Crane ‘Co.; Ingels, con- 
sulting metallurgist; Wood, Le- 
banon Steel Castings Co.; Karl Luger, 
Michigan Steel Castings Co.; Rice, 
International Nickel Co.; Lewis, 
Allegheny-Ludlum Co.; Brown, 
Aluminum Co. America. 

Elton Sterrett, The Pipe Line News, 
publicity chairman. 


TANK BRIDGE CO. 


3523 Lamar Ave.—P. Box 14, MEMPHIS TENNESSEE 


Complete Service for Elevated 


Water Tanks— 
NATION WIDE SERVICE— 


Years Experience 


KEEP THE SAFETY FACTOR 
YOUR TANK THE DIXIE WAY 


welding seams, and rivets which gives riveted tank 
removed, water supply maintained while work progress. 


than had when built. rivets 


completely re-conditioned jobs, the painting guaranteed for five years, repairs guaranteed 
for ten years, provided the tank painted every five years, Yearly inspection, making all ad- 


justments, any, without additional cost. 


Write for Free Copy Publication 
SOUND PRINCIPLES WATER TANK MAINTENANCE and TANK TALK 


Riley 


NATION WIDE SERVICE SATISFIES 
Copyright 
THE LARGEST ORGANIZATION OF ITS KIND GIVING SAFE MAINTENANCE AT LOW COST 


Western Region Chairman, year 
term. 

Western Region vice-chairman, 
year term. 

Western Region secretary-treasurer, 
year term. 

The scheduled September meeting 
Western Region nominating commit- 
tee during regular business meeting 
expected see large slate candi- 
dates proposed for the several offices. 
The committee has announced its 
tention promoting full representation 
geographically separated sections 
the planning regional activities. 

Candidates from the Salt Lake Section 
and San Francisco Bay: Section will 
opportunity meet members 
other sections during the Western 
gion Corrosion Conference held 
November and Los Angeles 
cooperation with several technical asso- 
ciations the area. Rotation 
offices expected bring wider in- 
terest corrosion control. 

canvass returns from members 
the region relative interest either 
afternoon session technical papers 
and discussions field trips nearby 
industrial plants shows insufficient in- 
terest the field trips justify sched- 
uling them. consequence, the 
trips will not held. 


Program Revised 


The revised program now calls for: 
November 8—Rodger Young 
rium, Los Angeles. 

informal get acquainted hour, 

Dinner. 

The 1951 Marburg Lecture 

delivered 

question and answer period. 
November 9—Biltmore Hotel, Los An- 
geles. 

Four technical papers corrosion 

Lunch 

Three papers corrosion. 

question and answer session 

corrosion 

Questions are being submitted 
members the participating engineer- 
ing societies, including the American 
Petroleum Institute. 


Registrations and Reservations 

Supper reservations for the 
Lecture may made with Myron Nies- 
ley, California Testing Laboratory, 619 
East Washington Blvd., Los Angeles 15, 
Cal. 

Reservations for the NACE 
November and for the luncheon may 
made with Grizzard, Signe! 
Oil and Gas Company, West Sev- 
enth St., Los Angeles 14, Cal. 


Following are committeemen addi- 
tion those previously named: 
Senatoroff, chairman symposium com 
mittee; Charles Ford, publicity chair- 
man; Schilling, program com- 
mittee chairman; Wakeman 
ASTM and NACE. 

The National Association Corro- 
sion Engineers invited 
participate the 24th Internationa! 
Congress the Chemical Industry 
Paris, France, November 25-December 
1951 letter addressed Presi- 
dent Mears. 


‘ 


corrosion and/or contamination. 
Appl ications mad our plant 
chemical and allied 
clude Rubber and Koroseal 
Metallizing, Sand Blasting 
vited. Write for Bulletin (A). 
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For the past years SOMASTIC 
has been applied pipe standard practices which 
only now are being adopted generally the pipe 
coating industry. Time has proved them most effec- 


tive. These methods are— 


Thorough cleaning metal grit-blasting. 


Pre-heating, followed hot priming, assur- 
ing firm, lasting bond coating steel. 


Selection materials and manufacture 
coating rigid specifications. 


addition, SOMASTIC leads this essential 


ment form dense, compact, uniform and 


seamless protective coating great durability. 


The general swing methods pioneered 
SOMASTIC Pipe Coating another acknowledgment 
fact first shown the API-Bureau Standards 
Ten Year Pipe Coating since proved 


coat with SOMASTIC. 


SOMASTIC 


*Reg. U.S. Patent Office 


PIPE COATING 


Unequaled for PERMANENT PROTECTION 
somastic the Best PIPE COATING 


MANUFACTURED 


PRICE CO. BECHTEL CORPORATION 
BARTLESVILLE, SAN FRANCISCO and WILMINGTON 
PHILADELPHIA, PA. NEW ORLEANS, LA. CALIFORNIA 


the States East the Rocky Mountains the Western States and Foreign Countries 


October, 1951 
ld : : 
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CORROSION—NATIONAL ASSOCIATION CORROSION 


Buried Metals Symposium 
Scheduled London 


The Iron and Steel Institute, the Brit- 
ish Iron and Steel Research Association 
and the Corrosion Group the Society 
Chemical Industry will hold sym- 
posium the Corrosion Buried 
Metals December the offices 
the Iron and Steel Institute, Gros- 
venor Gardens, London 


The program will follows: Tests 
the Corrosion Buried Iron and 
Acock; Investigations Underground 
Vernon and Whiskin; Cathodic 
Protection, Spencer; Cathodic 
Protection Buried Metal Structures 


PETROLEUM 


Quachrom Glucosate 
Sodium Chrom Glucosate 
Tetra Phospho Glucosate 
Pyro Glucosate 


OFF 


Buried Copper and Ferrous Strip 
Natural and Salted Soils Mole 
and Tests the Corrosion Buried 
Aluminum, Copper and Lead 
Gilbert and Porter. 


The papers presented and the discus- 
sion the meeting will issued 
single bound volume (No. the 
Special Report Series the Iron and 
Steel Institute) the price which will 
15s (post free). Orders received 
before the meeting, however, will ac- 
cepted the reduced rate 10s 
tance, and one set advance copies 
the papers will provided for each 
volume ordered without extra charge. 
Remittance should made The Sec- 
retary, The Iron and Steel Institute, 
Grosvenor Gardens, London 


Over years service these 
unexcelled record satisfactory performance 


WRITE YOUR LETTERHEAD FOR SPECIAL LITERATURE 


INC. 


CHICAGO OFFICE: 


205 West Wacker Drive 
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Clippings 


Extracted Current Periodicals 


LIME ADDED WATER 
LIMIT CORROSION 
(From Troy, Y., Times-Record, 
June 12, 1951) 

Lime will added the water 
improved water system installed 
here reduce the amount corrosion 
boilers, water heaters and lines 
factories and plumbing private 
nomes. 


CATHODIC PROTECTION 
CITY WATER TANK SET 
(From Denton, Texas, Record-Chron- 
icle, May 27, 1951) 
Cathodic protection will provided 
for the new 2,000,000 gallon water stor- 
age tank for the city Denton. 


MAGNESIUM RODS CUT 
WATER SOFTENER CORROSION 


(From Blue Earth, Minn. Post, June 21, 
1951) 

magnesium rod inserted 
water units works the principle 
“absorbing” corrosive elements from the 
water while sacrificing itself, rather than 
the tank, corrosion. The rods have 
resistors which keep them from wearing 
away too fast. 


CORROSION RESISTANT 

GAS VENTS SPECIFIED 

(From Green River, Wyo. Star, June 15, 
1951) 

The Town Green River advertised 
for bids for venting gas appliances 
Green River Veteran Apartments speci- 
fying they resistant the corrosive 
action flue gases and condensate. 


Research Expanded 
Alloy Casting Group 


The technical research program the 
Alloy Casting Institute will expanded 
the addition three new projects 
closely related current production 
and problems follows: 

Alloys conservations will 
concentrate high temperature proper- 
nickel alloy Batelle Institute. 

sistant castings will investigated 
Ohio State University. 

Improved gating systems for high 
alloy castings Massachusetts Institute 
Technology. 


Topics included all technical ma- 
terial published Corrosion, 1945-50 
inclusive have been cross indexed 
tabular format published the Decem- 
ber 1950 issue. 


= 


THE BARRETT DIVISION 


* Reg. U. S. Pat. Off. 


NACE NEWS 


ELINES 


Products and procedures available for 
every oil and gas pipeline requirement. 
Withstand extremely high and low 
temperatures. 

High ductility and flexibility. 


Coatings not damaged 
nor back-fill stresses. 


High dielectric properties. 
Impermeable moisture. 


Resistant attack gas and 
petroleum products. 

Used thousands engineers and 
contractors. 


Universally available and easy apply 
—applicators all over the country. 


Barrett engineering service always 
available. 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 
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New Aluminum Plating 
Technique Developed 


new plating technique based 
non-aqueous solutions said the 
first practical approach for plating 
aluminum will announced the Oc- 


chemical Society Hotel Statler, 
Detroit, Mich. The process was devel- 
oped Couch and Abner Brenner 
the Bureau Standards and 
will described Dr. Couch during 
the symposium electroplating the 
meeting. 


Another feature this symposium 


ASSOCIATION CORROSION 
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depositing tin-nickel alloys from 
chloride-fluoride plating bath, originated 
the Tin Research Institute Middle- 
sex, England. 

Lowenheim the Metal and 
Thermit Corp. will outline American 
experience with the process plating 


alloys, covering the method used 
adapt the bath barrel plating. Data 
the corrosion resistance this alloy 
also will given. 


tober 9-12 meeting The Electro- will review new method 


Gives you quick, 
easy method deter- 
mining what metal 
alloys use con- 
nection with 143 
different corrosive 
agents. Ideal for 
metallurgists, product 
designers, engineers, chemists, purchasing 
agents. Sized fit your pocket. Developed 
The Harper Co., America’s lead- 
ing specialist non-ferrous and stain- 
less fastenings. 


FREE 


MAIL COUPON TODAY! 


Chief Metaliurgist, 

The H. M. Harper Co., 

8221 Lehigh Avenue, Morton Grove, Ill. 

Please rush my free copy of the Harper Computer of 
Corrosion Resistance. 


BOOK REVIEWS 


STANDARD HANDBOOK FOR 
ELECTRICAL ENGINEERS. Edi- 
tor-in-chief, Archer Knowlton. 
Eighth Edition, 2311 pages. McGraw- 
Hill Book Company, 330 West 42nd 
St., New York 18, 


ence practical and useful information 
from all fields electrical engineering 
practice, plus the most 
quired fundamental theory, units and 
systems measurement made de- 
pendable the work 101 engineers, 
scientists, teachers and other authorities. 


1950 INDEX ASTM STAN- 
DARDS. 262 pages, paper, 


inches. American Society for Testing 
Materials, 1916 Race St., Philadelphia 


(Continued Page 14) 


The Gal would doubt welcome desert isle, back row movie, 
Saturday night square dance any other civil (or un-civil) occasion. All Right, 
All Right, the Gal’s name Maude and her phone number WEbster 1941. Now, 
will you read the rest this? 


admit she’s pretty, but, have you seen one our insulating bushings 


designed especially for gas meter service? How about letting send you testing 


samples, the bushings that is, speak for themselves. (Sure wish had that 
job!) 


ALL TYPES INSULATION 
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Asbestos Pipeline Felt Saudi, 950 


You can’t match the advantages asbestos pipeline felt coating 
shield with any other material. Formed asbestos, mineral that will 
not rot deteriorate under any conditions met pipeline service, 
Carey pipeline felt adds little initial protection pays for 
itself over and over reduced outlay for maintenance and repair. 
Carey asbestos pipeline felt has proved its worth thousands miles 
pipeline but one Carey’s complete line coating protec- 
tion products, backed over years leadership manufacturing 
and research. Use whenever superior, lasting service requirement. 


Free Pipeline Protection Data Book! 


discussion protective coatings for pipelines 


cor 


rosion engineer, for men faced with pipeline protection 


problems. Fill coupon and mail today for your FREE copy. 


The Philip Carey Mfg. Company 

Lockland, Cincinnati 15, Ohio 

Department CM-10 

Gentlemen: Please send FREE copy booklet, describing 
techniques and materials recommended for protective coating 
pipelines. understand there obligation part. 


Name 


__Zone State. 


Ask your Carey Industrial Sales Engineer how 
Carey Pipeline Felt, Glasfloss Coating Reinforce- 
ment and Pipeline Padding can help you solve 
your pipeline protection problems. Or, write direct. 


The Philip Carey Mfg. Company, Lockland, Cincinnati 15, Ohio 


ASBESTOS 


ASPHALT MAGNESIA PRODUCTS 


October, 1951 
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BOOK REVIEWS 


(Continued from Page 12) 


PROTECTIVE COATINGS INVES- 
TIGATION. Performance Com- 
prehensive Group Organic Coatings 
Steel. Immersion and Atmospheric 
Exposures, 1949—. First Interim Re- 
port. Prepared Mundt and 
Thompson. Engineering and 
Construction Bureau, Engineering Di- 
vision, Babboa Heights, Canal Zone. 
pp, 10% inches. Not for Sale. 

This book, one series issued the 

engineering division the Panama 

Canal Zone, describes preparation and 

exposure and presents the results 

laboratory and short-term field exposure 
performance tests for comprehensive 
group 159 corrosion and fouling re- 


tardant preventive organic coating 
materials. Materials are being subjected 
continuing tests which will continue 
until coatings deteriorate extent 
where repainting necessary. 
Information the tests arranged 
order based merit. Illustrations 

show testing equipment, macro and mi- 

crophotographs test specimens and 

replicas numerous test records used. 

Data compiled and presented tabu- 

lar and graph form. 

PHYSICAL CHEMISTRY LU- 
BRICATING OILS. Bondi, 
Shell Development Co., Emeryville, 
Cal. 380 pp, cloth. Reinhold 
Publishing Corp., 330 West 42nd St., 
New York 18, N.Y. Per 

Latest theories lubricating oils and 


manufacture and stock standard 
Carlon plastic connections all types, 

Installations refineries, chemical pro- 
cessing plants and crude oil production 
hook-ups, prevents electrolytic action 


REFINERIES 
PLANTS 


and corrosion. Smooth internal and 


decrease the adhesive tendencies par- 
rafins, asphalts and other alkaline acid 
for special applications are invited. 


Special connections for special appli- 
cations are available request. 


GREEN CONTRACTING AND ENGINEERING CO. 


103 SOUTH VINE 


WICHITA, KANSAS 


UTILIZING “CARLON” FROM CARLON PRODUCTS CORPORATION, CLEVELAND, OHIO 


the physical and chemical principles un- 
derlying their action. Inaccessible 
widely scattered data simple 
methods for estimation unknown 
properties from few given data are 
included. 

Viscosity, pour point, oiliness, flowing 
characteristics, foaming are discussed. 
entire chapter devoted syn- 
thetic lubricants. 


Inco Probes Corrosion 
High Temperatures 


Corrosion behavior alloys used 
high temperatures usually governs 
lection designed achieve long and 
trouble free life, investigations the 
Bayonne, N.J. and Huntington, West 
Va. laboratories International 
Co., Inc. indicate. Wickenden 
vice president charge the develop- 
ment and research division the firm 
said its continuing and expanding pro- 
gram designed evaluate corrosion re- 
nition the fact great deal remains 
learned about high-temperature 
corrosion, not only with respect prin- 
ciples governing surface reactions 
also from the practical aspect elimi- 
appropriate alloys. operating tem- 
peratures many industries continue 
increase, inevitable that high tem- 
perature corrosion problems should mul 
tiply cumulative basis,” said. 

The company: has prepared “Work 
Sheet” which may used simplify 
gathering information for examination 
Inco engineers. 


NEW CORPORATE 
MEMBERS 
NACE 


Consolidated Mining Smelting 
Co. Canada, Ltd. 


Trail, Canada 


Inland Steel Company 
East Chicago, 
Harbaugh, Representative 


Jones Laughlin Steel Corp. 
Pittsburgh 30, Pa. 
Graham, Representative 


Midwestern Constructors, Inc. 
Tulsa, Okiahoma 
Bledsoe, Representative 


Shell Chemical Corporation 
New York, 
Wright, Representative 


. 
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Continuous, Cathodic Protection 
UNDER ALL OPERATING CONDITIONS! 


Ww A 


SELENIUM 
RECTIFIERS 


C.S.C. Rectifiers are manufactured both Oil Im- 
mersed and Air Cooled models for either 110/220 volt 
single phase operation 220/440 volt three phase 
operation any voltage and amperage range 
desired. 


Top quickly removed loosening 
nuts and turning tie-down fittings 
parallel through slots illustrated. 


case 


CATHODIC SERVICING CO. 


PHONE 4-2489 134 HEAVY TRAFFICWAY TULSA, OKLAHOMA 
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New Members and 
Changes Address 


This list published principally for 
use NACE Regional and Sectional 
officers keeping their mailing lists 
date. 


NEW MEMBERS 


(Corrections Through August 27, 1951) 


CALIFORNIA 

BAYCE, ARTHUR E., 7201 Lockwood Street, 
Oakland 21, Cal. 

BULMER, GEORGE A., 6837 Hawthorn Ave- 
nue, Hollywood 28, California 

MESSICK, W. E., P. O. Box FF, Santa Fe 
Springs, Calif. 

PREECE, ROBERT N., Rheem Manufactur- 
ing Co., 4361 Firestone Blvd., Southgate, 
California. 

WICKMAN, EMIL E., Shell Oil Company, 100 
Bush Street, San Francisco, Calif. 


DELAWARE 
CALDWELL, MARION D., Atlas Powder 
Company, 658 Delaware Trust Bldg., 901 
Market St., Wilmington, Del. 
RION. W. JR. EB. ft. an Pont de Ne- 
mours & Co., Ine., Mat’ls. Section, Eng. 
Service Div., Wilmington, Del, 


FLORIDA 
BERGMAN, ALFRED C., Protective Coat- 
ings, Inec., 807 N. Fremont Ave., Tampa, 
Fiorida. 
VALDESPINO, RAMON, Twentieth Century 
Builders Corp., 807 N. Fremont Ave., 
Tampa, Fla. 


ILLINOIS 


STODDARD, EDGAR S&S., Hotpoint, Inc., 227 
So. Seeley Ave., Chicago, Il. 


tion. 


GAMA 
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Steel pipe expensive—and sometimes scarce. why 
the wise money protection—not replacement. 


NICOLET Asbestos Pipe Line Felt designed provide 
maximum pipe protection plus maximum economy applica- 


Because NICOLET Asbestos Felt made with high quality 
Canadian chrysotile fibers, which provide great strength the 
felt, the complete roll can used without breakage. And 
NICOLET Asbestos Felt non-rotting because contains 
minimum impurities and organic matter. 
longer life and better protection for your pipe investment. 


Before you invest—investigate 


ASBESTOS PIPE LINE FELT 
"the felt with 


WILSON, EDWIN L., Ludwig Wilson Com- 
pany, 112 So. Franklin St., Chicago 6, 
Illinois. 


LOUISIANA 
FRIZELL, GLENN H., Electro Rust-Proofing 
Corp (N.J.), First National Bank Bldg., 
Shreveport, La. 
HECHT, LEON M., JR., Godchaux Sugars, 
Inc., Research Dept., Reserve, La. 


MASSACHUSETTS 
GURRY, JOHN W., First Naval District Pub- 
lic Works Dept., 495 Summer St., Bos- 
ton 10, Mass. 


MICHIGAN 
DUNN, JAMES W., United Chromium, Inec., 
1700 E. Nine Mile Rd. (Ferndale), De- 
troit 20, Mich. 
RICKERT, HERBERT B., Michigan Chemi- 
cal Corporation, St. Louis, Mich. 


MINNESOTA 
RALPH H., Northern 


Wabasha, St. 


States 
Paul 2, 


MESERVE, 
Power Co., 360 
Minnesota. 


NEW YORK 

DITTBRENNER, RAYMOND A., Carboline 
Company, 112 E. 23rd St., Rm. 22, New 
York 10, N. Y. 

FIRTH, R. SMEDLEY, Mexican Petroleum 
Corp., 122 East 42nd St., New York 

HOOPER, RAYMOND R., Cities Service Oil 
Co. (Pa.), 70 Pine Street, New York 

McCABE, JOSEPH C., Power Magazine, 330 
W. 42nd St., New York 18, N. Y. 

NADLER, RUBEN, Corning Glass Works, 
Metallurgical Department, Corning, N. Y. 

ROGERS, HAROLD G., Ebasco Services, Inc., 
No. 2 Rector St., Room 1010, New York 
W.. 

SHAW, GEORGE KENDALL, Stauffer Chem- 
ical Co., Research Department, Chaun- 
cey, N. Y. 


OHIO 
BROWNE, HARRY E., The Ohio Bell Tele- 
phone Co., 215 W. Second, Dayton. Ohio. 
ROGERS, HARRY D., The Ohio Bell Tele- 
phone Co., 215 W. Second, Dayton, Ohio. 
WELCH, PIERRE R., Permolite, Inc., P. O. 
Box 897, Hamilton, Ohio. 


This assures 
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OKLAHOMA 

MEYER, B. W., Southwestern Bell Telephone 
Co., 405 N. Broadway, Oklahoma City, 
Oklahoma. 

OWENS, EARL O., Brance-Krachy Co., Ine., 
Box 403, Bartlesville, Okla. 

ZONGKER, FLOYD, T. D. Williamson, Ine., 
P. O. Box 4038, Tussa 9, O.:ia. 


PENNSYLVANIA 

AKSOY, A. M., Drexel Institute of Technol- 
ogy, 32nd & Chestnut, Philadelphia 4, 
Pennsylvania. 

ANGEVINE, J. GORDON, 
Petroleum Engineers, 108 
Bradford. Penna. 

BUCKWALTER, JOHN F., 
Petroleum Engineers, 108 
Bradford, Penna. 

SMITH, ROY B., 2000 Spruce St., Philadel 
phia 3, Penna. 

WASP, Edward J., Pittsburgh Consolidate: 
Coal Co., Library, Penna. 


VIRGINIA 
MAJOR, LEWIS A., 909 Crescent Drive, Alex 
andria, Va. 
NELSON, H. M., Fruit Growers Express Co. 
Duke Street Extended, Alexandria, Va. 


Scott Co, 
Main Street 


tyder Scott Co 
Main Street 


WEST VIRGINIA 
MILLSOP, T. E., Pres., Weirton Steel (‘om 
pany, Weirton, W. Va. 


WYOMING 


COLLOPY, JOSEPH P., U. S. Bureau o 


Reclamation, Cody, Wyo. 
TEXAS 


EDMINSTER, JAMES W., Cabot Carbon Co 
P. O. Box 1101, Pampa, Texas. 

GAW, BOYCE DE, 2640 Cason Street, Hou 
ton, Texas. 

HOFFER, GEORGE, E. I. du Pont de Ne 
mours & Co., Victoria, Texas. 

HUMBER, JOE B., Monsanto Chemical Co. 
Box 1311, Texas City, Texas. 

KELLY, J. DYCHE, Hydraulic Equipment 
Co., 1341 North Shepherd Drive, Houston 
Texas. 

POETKER, RUPERT H., Sunray Oil Corpora 
tion, Old Falfurrias Hwy. (Box 571) 
Alice, Texas. 

WATSON, A. D., Tret-O-Lite Company, P. 0 
Box 2546, Houston, Texas. 

WHELAN, THOMAS JR., The Whelan Com 
pany, 2405 San Jacinto St., Houston 2 
Texas. 
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HERMETICALLY SEALED 
ADD-A-STACK 


The Hermetically Sealed Model, illustrated 
above, basically the same the 
model except the stacks are individually sealed 
oil filled container, The physical size 
the Hermetically Sealed Model slightly 
larger than the self-cooled model. Like the 
self-cooled model—it available any com- 
bination D.C. voltage amperage, choice 
single three 


NACE NEWS 


Every structure from pipe line elevated 
tanks individual protection problem. That's 
why hundreds firms specify GOOD-ALL Ca- 
thodic Protection Rectifiers for their particular 
needs. They know, whatever the job, GOOD-ALL 
offers permanent protection against rust and 
corrosion. 


These world famous rectifiers are simple 
design for economy operation and low main- 
tenance costs. Years engineering experience, 
plus quality materials and workmanship make 
GOOD-ALL the most efficient rectifiers opera- 
tion today! They operate efficiently under extreme 
changes temperature and climatic conditions. 


OGALLALA, 
NEBRASKA 


ity, 
on 


New Members— 
(Continued From Page 16) 


FOREIGN 
CANADA 
BUSBY, A. H. W., The Consolidated Mining 
& Smelting Co. of Canada, Research & 
Development Division, Trail, B. C., Can- 
ada. 
FLYNN, C. K., 190 Penrose Street, Sarnia, 
Ontario, Canada. 
MARSHALL, GEORGE W., Philip Carey 
Company, Ltd., Lennoxville, Province of 
Quebec, Canada. 


JAPAN 


SHIGENO, HAYATA, 105 Fusuma-Cho, Me- 
guro-Ku, Tokyo, Japan. 


SYRIA 


SPARROW, LIONEL R., Iraq Petroleum 
Company, P. O. Box 51, Homs, Syria. 


ASSOCIATION CORROSION 


CHANGES ADDRESS 


(Old Address Follows New Parenthesis) 


CALIFORNIA 


GLASGOW, ROBERT A., Casey & Case Coat- 
ing Co., 7222 East Slauson Ave., Los 
Angeles 22, Calif. (Casey & Case Coat- 
ing Co., P. O. Box 151, Maywood, Calif.) 


McINTOSH, RUSSELL W., Pittsburgh Coke 
& Chemical Co., 4557 East Slauson Ave., 
Maywood, Calif. (Pittsburgh Coke & 
Chemical Co., 612 So. Flower St., Los 
Angeles 17, Calif.) 


O'LEARY, F. J., 5314 Rodeo Road, Los An- 
geles 16, Calif. (308 S. Clark Drive, Bev- 
erly Hills, Calif.) 


SAUNDERS, WILLIAM F., Pittsburgh Coke 
& Chemical Co., 4557 E. Slauson Ave., 
Maywood, Calif. (Pittsburgh Coke & 
Chemical Co., 612 So. Flower St., Room 
746, Los Angeles 17, Calif.) 


STANDARD MAGNESIUM ANODES 
this year... 


—and proper instal- 
lation essential 


get best results. 


Important Advantages Gained 
Magnesium Alloy Anodes 


Elimination external power source. 

Economical protection for bare pipe line “hot spots.” 
Minimize interference with other buried structures. 
Equipment maintenance unnecessary. 

Economical installation. 


Let our Corrosion Engineers 
Help Solve Your Problems. 


Write for Descriptive Literature 


STANDARD MAGNESIUM CORPORATION 


25th WEST AVENUE AND SAND SPRINGS ROAD 


TULSA, OKLAHOMA 


ENGINEERS 


COLORADO 
GILLILAND, JOHN L., JR., 2955 Cherry 
St., Denver 7, Colo. (U. S. Bureau of 
Reclamation, Denver Federal Center, 
Denver 2, Colo.) 


ILLINOIS 
YOUNGER, A. M., 700 N. Brainard Ave., 
La Grange Park, Ill. (c/o G. Gwin, 
Route 2, Paw Paw, Mich.) 

BERG, SIGVALD L., 210 East St., Hobart, 
Ind. (400 Center Street, Hobart, Ind.) 
SWANN, J. S., CHIEF ENGINEER, Stand- 
ard Railway Equipment Mfg. Co., 4527 
Columbia Ave., Hammond, Ind. (Initials 

corrected.) 


KANSAS 


BLISH, ERVIN R., c/o Central Kansas Elec- 
tric Cooperative, Great Bend, Kan. (501 
N. Spring Lake, Meade, Kan.) 


LOUISIANA 


BULLOCK, ROBERT L., Interstate Oil Pipe 
Line Co., P. VU. Box 1107, Shreveport 83, 
La. (P. O. Box 1349, Tulsa 2, Okla.) 

ROOT, WESLEY B., JR., 6857 Annabelle 
Ave., Baton Rouge, La. (2520 Fairfield 
Ave., Baton Rouge, La.) 


MARYLAND 


DODGEN, JAMES E., 2108 Belvedere Dr. 
#2, Silver Spring, Md. (1 Bloomfield Ave., 
Apt. 7, Drexel Hill, Pa.) 

GORDON, MAURICE B., 1701 Eutaw Place, 
Apt. 5-GG, Baltimore 17, Md. (Consoli- 
dated Gas & Electric Company of Balti- 
more, Md.) 

SIMS, CHESTER T., LT., 0970641, Chemical 
Section, Hqs., Second Army, Ft. G. G. 
Meade, Md. (180 E. Lakeview Ave., Co- 
lumbus 2, Ohio.) 

TAYLOR, RITCHIE P., 646 Regester Ave., 
Baltimore 12, Md. (The Davison Chemical 
Corp., Curtis Bay Works, Baltimore, Md.) 


MICHIGAN 


COLBURN, LYLE W., Corrosion Control 
Company, 1502 East Grove St., Midland, 
Mich. (1608 Adelaide Street.) 

LOPRETE, JACK H., Spray-Coat Engineers, 
Inc., 775 So. Bayside St., Detroit 25, 
Mich. (8711 W. Chicago Blvd.) 


MISSOURI 
MONTGOMERY, CLYDE W., 4045 Utah St., 
St. Louis 16, Mo. (Missouri Paint & Var- 
nish Co., 5125 North 2nd St., St. Louis 
7, Missouri.) 
PENLAND, WILLIAM R., Sohio Pipe Line 
Co., P. O. Box D-15, St. Louis 1, Mo. 
(407 No. 8th St.) 


NEBRASKA 
SCHMIERER, A. F., Corrosion Engr., Nat- 
ural Gas Pipeline Co. of America, 1711 
E. Court St., Beatrice, Nebr. (1315 North 
Ninth St.) 


NEW JERSEY 


WYCHE, ERNEST H., Materials of Eng. 
Div., Colgate-Palmolive-Peet Co., 105 
Hudson St., Jersey City, N. J. (Lukens 
Steel Co., Coatesville, Penna.) 


NEW YORK 

HUNTLEY, HAROLD R., American Tel. 
Telg. Company, 195 Broadway, New 
York 

THALMANN, E. H., Ebasco Services, Inc., 2 
Rector St., New York 6, N. Y. (1809 
Pratt St., Dallas 8, Texas.) 

WHITLEY, B. J., JR., Tennessee Gas Trans- 
mission Co., P. O. Box 65, Hamburg, 
(P. Box 2511, Houston 


OHIO 
SMITH, VERNON R., 806 North Avenue, 
N. E., Massillon. Ohio. (Metallizing En- 
gineering Co., Inc., 38-14 30th Street, 
Long Island City 1, N. Y.) 


OKLAHOMA 


BIDDISON, P. McDONALD, 1341 South 
Boston, Tulsa 3, Okla. (212 Beacon Bldg.., 
Tulsa 3, Okla.) 

McBRIEN, JAMES H., 119 E. 13th Place, 
Tulsa 14, Okla. (Box 324, Ames, Iowa.) 

NELSON, LOYD B., Shell Pipe Line Corp., 
1123 E. Second, Cushing, Okla. (Box 783.) 

STILGENBAUER, N. T., Hillco, Inec., Box 
4038, Tulsa, Okla. (T. D. Williamson, 
Inc., P. O. Box 4038, Tulsa, Okla.) 


PENNSYLVANIA 
KAHN, FRANK, Testing G Div., Philadelphia 
Electric Company, 2301 Market St., Phila- 
delphia 3, Penna. (H. S. Phelps.) 
MENSCH, RALPH G., 849 Bower Hill Road 


Pittsburgh 16, Penna. (100 Prestly Road 
Bridgeville, Penna.) 
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Our 24-year record service speaks for 
itself. More than 250,000,000 feet pipe 
60”) coated and wrapped. Our con- 
tinuous improvements give the Pipeline 
Industry today the most modern cleaning, 
coating, wrapping and plant 
the 


Wrapped joints for Haveg other 
resin-base pipe can made with new 
process developed Electro-Chemical 
Engineering Mfg. Co., Emmaus, Pa. 
known “Duro-Joint.” The process 
involves spiral wrapping glass cloth, 
Lecite acid and alkali-proof furan resin 
cement using special technique which 
the company claims makes the joint 
equal chemical resistance the pipe 
itself. This type joint may used re- 
place flanged types, repair broken pipe 
armor porcelain stoneware. The 
joints can made the field without 


heat special equipment. Joints made 
under this system have been tested 
350 sq. in. pulsating pressure, placed 
under 100 steam pressure then after 
pressure was released plunged into 
degree water and while under 350 
pressure subjected repeated 8-foot- 
pound blows, all without leakage 
damage. 

Foote Mineral Company, Chel- 
ten Ave., Philadelphia, Pa., which orig- 
inated 1876 when Dr. Foote 
began the business which was supply 


5000 PIPE LINE CASINGS 


INSTALLED 1950 WITH THESE 


WILLIAMSON PRODUCTS 


CENTERED 
CASING 


Improved 
port” Insulators* now have 
60% more Support 
Blocks. 


Utilize high voltage weld- 
ing machine for positive 
proof pipe casing in- 
sulation. 


Wm. Seal Casing Bushings 
relieved pipe weight 


adjacent Concentric-Support In- 


sulator now seals casing better 


Casing Bushing 


Write for NEW 1951 Installation Booklet, 149-A 


than ever before. 


*Patents Pending 


rare minerals schools, museums and 
industry all over the world, celebrat- 
ing October its 75th anniversary. The 
company currently engaged supply- 
ing 103 products industry and schools 
throughout the world. principal cur- 
rent interest the company’s develop- 
ment lithium from what believed 
the largest known source the 
ore the Western Hemisphere Kings 
Mountain, North Carolina. The metal 
used television receivers and 
being considered replacement for 
nickel certain electronic applications. 
lithium hypochlorite compound cur- 
rently being considered household 
bleach. Twenty-seven major oil com- 
panies are licensed produce lithium 
multi-purpose grease, which the 
faculty operating over wide range 
temperatures. The company has been 
making ductile zirconium since 1942, 
and investigating hafnium. The com- 
pany operates extensive mines South 
Africa, maintains large experimental 
laboratory and doing considerable work 
connection with the armed services. 

Arktan, arctangent coordinate graph 
paper sample quantities and the Ark- 
tan Bulletin describing its use can 
obtained request from Orbit Electric 
Co. The use arctangent coordinates 
permits plotting uninterrupted curves 
data having values ranging from plus 
infinity and including zero well. 
Most asymptotic functions become ap- 
proximately linear this coordinate 

Lead-Free aluminum soldering rod 
has been developed All-State Weld- 
ing Alloys Co., Inc., White Plains, N.Y. 
which melts 400 degrees and flows 
450 degrees can applied with 
ordinary soldering iron. identi- 
fied No. Aluminum Solder Rod 
and used with No. Brazaloy Flux. 
will withstand pressures 1000 psi 
and can used for all types alumi- 
num except 24ST. 

Branson Instruments, 430 Fairfield 
Ave., Stamford, Conn. its new loca- 
tion with twice the floor area. 


Hand Air-Hammer weighing slightly 
over two pounds has been developed 
Salsbury: Corp., 1161 East Florence Ave., 
Los Angeles Cal. 120 psi the 
hammer strikes 6000 blows per 
minute may metered lower 
speed trigger. 


Automotive Rubber Co., Inc., 8601 
Epworth Blvd., Detroit Mich. has 
issued new catalog outlining the serv- 
ices performs supplying rubber tank 
and duct linings, special rubber coatings 
and molded, extruded and die-cut rub- 
ber parts, and shapes. 


Fungus-Ban copper naphthanate 
being offered now Wilbur Wil 
liams Co., Boston 35, Mass. pre- 
servative for wood which 
immersed water. may painted 
over with ship bottom paint after 
hours drying. 
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COROMAT Inner Wrap, manufactured 
and distributed Mid- 
western, engineered specifically for 
pipe line enamel reinforcement. Coromat 
inert and inorganic. dimensionally 
sag, stretch, shrink. The 
parallel reinforcing plus the uniformly 
fine fibers and high porosity Coromat 
assures complete impregnation 
form bleed-through the coating during 
application. Exhaustive field and labora- 
tory tests have proven over the years that 
the use Fiberglas Coromat retards cold 
flow the coating and guards against 
cracking the enamels low tempera- 
tures. Midwestern offers Coromat rolls 
400, 800, 1000 and 1200 feet lengths. 


COMPLETE CORROSION 
PROTECTION SERVICE! 


WRITE FOR PRICE LISTS 
AND SPECIFICATIONS 
TODAY 


NACE NEWS 


PIPELINE 
WRAP 


FIBERGLAS OUTER WRAP strong 
corrosion resistant material especially de- 
signed act exterior protection for 
underground pipe lines. The material 
possesses exceptional strength and wrap- 
ping characteristics. readily conforms 
the pipe, fitting smoothly and tightly 
bends. Fiberglas Outer Wrap de- 
signed have ample porosity permit 
complete release trapped gasses and 
air. The moisture absorbtion this Outer 
Wrap less than and will 
not wick out the lighter fractions the 
bitumen permit moisture drawn 
from the coating. Fiberglas Outer Wrap 
will withstand storage temperatures from 
150°F. without deterioration. 


For that FINAL pipe line protection Mid- 
western offers KAPCO ROCK SHIELD, 
mastic composition board which elimi- 
nates damage rocky areas. Rock Shield 
sheets are easily formed around the pipe 
and are held place either metal 
strapping high tensile tape. Kapco 
Rock Shield completely eliminates the 
trouble and expense dirt padding. 
tractors, bulldozers dump-trucks are 
needed when Rock Shield used the 
pipe. Scientific penetration tests have 
PROVEN Kapco Rock Shield effectiveness 
eliminating holidays formerly caused 
rock damage. The board has also 
proved highly effective river and road 
crossings and elsewhere wheré pipe and 
coating are subject rough handling. 


Manufactured by Keystone Asphalt Products, a 
division of American-Marietta. 
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New Products— 
(Continued From Page 20) 


American Brass Company, Waterbury 
20, Conn. has issued Anaconda Publica- 
tion B-36, available without charge, 
which gives results studies the 
nature corrosion copper and copper 
alloys. The 24-page book, “Corrosion 
Resistance Copper and Copper 
loys,” explains the chemical and physical 
nature corrosive attack its various 
forms. tabulation the relative cor- 
rosion resistance the principal types 
copper and copper base alloys con- 
tact with 183 corrosive agents given. 

Guide the Selection Engineering 
Irons, 28-page reference bulletin com- 
piled primarily for design engineers has 
been published The International 
Nickel Co., Inc., Wall Street, N.Y. 
N.Y. The book, which contains il- 
lustrations, tables, charts and micro- 
photographs, shows how with the use 
nickel, alone combination with 
other alloying elements, the engineering 
properties cast iron can controlled 
meet almost any reasonable combina- 
tion service requirements. Corrosion 
resistance covered one section. 


Abbe Dispersal Mixers, which manu- 
facturers say perform dispersing, 
emulsifying and milling 
multaneously are described Catalog 
68, available request from the Abbe 


Engineering Co., Church New 
York 17, N.Y. 


Vacuum Metallizing equipment 
which surfaces metals, plastics, paper, 
glass and other materials can coated 


with adhering metallic film ex- 
Stokes Machine Co., 5500 Tabor Road, 
Philadelphia 20, Pa. The equipment con- 
sists airtight chamber which 
high vacuum can created and held, 
and evaporation source holder for the 
coating material and jigs for holding the 
object coated. Coating materials 
must have vapor pressure low enough 
reached the operating pressure 
the chamber. 

Dow Chemical Company has an- 
nounced plans for $4,500,000 expendi- 
ture expand research facilities its 
Midland, Mich. and Freeport, Texas 
plants. The Midland project includes 
new organic, spectroscopy 
service laboratories, and the Freeport 
project will 8-building research 
center comprising 57,000 square feet. 


Industrial Tape Corp., New Bruns- 
wick, N.J. has begun distribution 
new booklet “Government Tape Speci- 
fications” which classifies pressure-sensi- 
tive tape official government 
specifications. 


Di-phase Synergistic solvent claimed 
the manufacturers possess high 
grease cleaning and carbon removing 
properties has been announced Cur- 
ran Ordnance Chemical Laboratory, 
Lawrence, Mass. The solvent de- 
scribed di-phase solvent comprising 
water emulsion floating top layer seal- 
ing volatile chlor-aromatic solvent 
lower layer. High solvent action against 
water and oil soluble dirt claimed. 
Manufacturers state the cleaner sub- 
stantially faster and will produce more 


complete and quicker results than can 
obtained from chlorinated type de- 
greasing solvents. The material also 
may used replacement present 
solvent distilling cleaning tanks. The 
emulsion seal prevents direct contact 
with the skin and substantially fire- 
proof. Both phases are completely water 
soluble and will rinse away liquid 
soap when flooded with water. 

Vibrotest Model 264 new insula- 
tion resistance tester with testing 
range from 0-100 megohms 500 volts 
DC, plus low-range 0-10,000 ohm scale, 
manufactured Associated Research, 
3750 Belmont Ave., Chicago 18, 


Harco Corp. Catalog C-142 describing 
installation cathodic protection sys- 
tems petroleum refineries available 
request from the company’s 16991 
Broadway, Cleveland, Ohio offices. 

Pittsburgh Coke and Chemical com- 
pany has completed the first major unit 
its new central research laboratories 
Neville Island, near Pittsburgh, Pa. 
The new unit more than doubles labora- 
tory space and centralizes research 
groups formerly elsewhere the island. 
The company expanding its fine 
chemicals division, and further expansion 
projected principally the field 
synthetic organic chemicals. 

Stainless Steel pump rods worn 
packing friction areas are being success- 
fully reworked metallizing with stain- 
less steel Metallizing Engineering 
Co., 38-14 Lake St., Long Island City 
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What's your Corrosion Problem? 


James Mavor Company has the men 
and material help you solve your corro- 
sion problems, whatever they may be. Men 
who have spent years corrosion research 
and the development corrosion pre- 
vention products are your service. 


Adequate stocks proven corrosion pre- 
vention products are maintained Houston. 


KOPPERS 


BITUMASTIC 


REG. U.S. PAT. OFF 


Hot Applied Pipe Line Coatings 
Manufactured at: Houston, Texas 
Woodward, Ala.; East St. Louis, Ill.; 
Chicago, Ill.; Follansbee, West Va.; 
Garwood, N. J. 


Cold Applied Coatings 


Stocked Houston for immediate 
shipment 


Asbestos Pipe Line Felt 


Direct from factory shipment , 
Also stocked Houston for shipment 


Protective Coatings for 


Pipe Joints 


immediate delivery 


Stocked at Houston for immediate 


addition, the strategically located manu- 
facturing plants our suppliers assure 
prompt shipment any quantities. 

Our traffic department “follows-thru” 
all shipments, from order delivery, 
assure on-time arrival. Our service doesn’t 
stop until the materials are applied. 


PIPE WRAP 


holds larger quantities of enamel 
terioration thereby providing longer 
life for protettive coating. 


JAMES MAVOR COMPANY 


KELLY 


HOUSTON TEXAS 
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For protection rustable metal 
inside and 
RUST-OLEUM offers eco- 
nomical solution under wide 
range conditions salt air, 
dampness, industrial fumes ahd 
general weathering. 


RUST-OLEUM can applied 
even over rusted surfaces—no 
sandblasting chemical clean- 
ing usually required. 
particularly effective for use 
difficult-to-get-at places—where 
costly sandblast chem- 
ically clean the metal. not 
necessary remove all the 
rust. Just use sharp scraper and 


NACE NEWS 


wire brush scale 
and loose rust. 


For more than years RUST- 
capacity stop rust 
has been demonstrated con- 
vincingly many types 
industrial applications 
nationally-known manufacturers 
and leading railroads. 


RUST-OLEUM can obtained 
promptly from Industrial Dis- 
tributors’ stocks principal 
cities the United States and 
Canada. See our complete cata- 
log Sweet’s, which also lists 
your nearest source supply. 
Or, write your company’s 
letterhead for full information. 


CORPORATION 


2436 Oakton Street, Evanston, 


Beautifies 


“RIGID ECONOMY, MON!” Protects 
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(Continued From Page 22) 


N.Y. Replacement rods formerly ma- 
chined from stainless steel stock are 
being fabricated cold rolled bars and 
then metallized with stainless for cor- 
rosion and wear resistance. Metco News, 
Vol. No. article “Spraybond 
Wire for Wearing Surfaces,” states 
molybdenum wire does not show any 
apparent disadvantages corrosion re- 
sistance. The porous sprayed material 
subject the same limitations 
other metals cathodic steel. Position 
the metal the electromotive series 
close Monel. 
Cast Aluminum industrial outdoor 
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spotlights rated 100,000 candlepower 
300 watts are manufactured Stonco 
Electric Prod. Co., 489 Henry: St., Eliza- 
beth, N.J. units can mounted 
single cluster. 

Binks Manufacturing Company’s 

Model and 29V spray guns weigh 
The body aluminum cast- 
ing, with brass and steel material 
passage minimize corrosion and ero- 
sion. Bulletin gives further details 
and available from the manufacturers, 
3122 Ave., Chicago 12, 


Polyconic projection state, city and 
county maps for business use with in- 
formation valuable for determining mer- 
chandising, territory assignment and 


Because cement lining can thin, 
yet structurally sound, and because 
cement prohibits corrosion, the flow 
capacities Centrilined pipes are 
often greater than when the pipes 
were new! The smooth cement 
surface reduces pumping costs and 


Write today for descriptive literature lining pipes 


CENTRILINE CORPORATION 


seals holes caused external and 
internal corrosion The Centriline 
process, which mechanically applies 
cement centrifugal force, then 
trowels the surface smooth, gives your 
pipe lines new lease 
fraction the cost laying new pipes. 


A subsidiary of Raymond Concrete Pile Co. 
140 CEDAR STREET, NEW YORK 6, N. Y. 
Branch Offices in Principal Cities of United States and Latin America 


CEMENT MORTAR 


LININGS 


FOR PIPE PLACE 


THE WEST COAST, WRITE AMERICAN PIPE CONSTRUCTION CO., 


BOX 3428, TERMINAL ANNEX, LOS ANGELES, CALIFORNIA 
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other details commercially significant 
are available from Hearne Bros., Na- 
tional Bank Bldg., Detroit, Mich. The 
firm’s recent Texas map, for example, 
shows all oil and gas fields the state. 
Catalog may secured from the com- 
pany request. 

Komac, new road repair material 
developed Koppers Company can 
mixed cold any type mixing equip- 
ment, stockpiled summer fall, 
does not adhere hauling equipment, 
needs primer, can tamped 
rolled cold into pavement holes and can 
carry traffic immediately after rolling. 
Specimen roads have been successfully 
laid temperatures low de- 
grees above zero. has outlasted stand- 
ard asphalt mixes several tests. 


Hydrogen Peroxide, reprint from 
the Journal Chemical Education, May, 


1951, can secured request from. 


Becco Sales Corp., Station Buffalo 
The article covers the nature, 
uses and technology producing hy- 
drogen peroxide. 

GACO fittings and specifications for 
rubber lined pipe that can field in- 
stalled are described catalog and 
engineering manual available from Gates 
Engineering Co., New Castle, Del. 

Mechanical Descaling systems re- 
move mill scale from steel bars, rods 
and strips have been developed the 
Osborn Manufacturing Co., Cleveland, 
Ohio. The equipment employs brushes, 
may occupy less floor space than that 
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Distributors Contract 
Applicators of: 


AMERCOAT maintenance coatings and 
tank linings. 


OSPHO, phosphoric-dichromate surface 
preparation. 


CARLON plastic pipe. 


OXYCHLORIDE, mineral cement tank 
floors and linings. 


WE OFFER the following services in 
Texas and Louisiana: 


I A GUARANTEED maintenance 
program on tanks and steel struc- 
tures wherein a pre-determined 
cost extending over 9 or 12 years, 
averaging 4 cents per year, per 
square foot can be properly bud- 
geted. 


TANK LINING service with fully 
proven protective linings for Sour 
Crude, Acid Sludge, Run Down, 
Acid Storage, Caustic Storage and 
Floating Roof Tanks. 


EFFECTIVE, and fully proven 
service on LINING Tubular Goods, 
Treaters and Wash Tanks, Salt 
Water Disposal Pipe, Drill Tubing. 


CORROSION 
ENGINEERING CO. 


Allen Stafford, Pres, 
1814 Richmond Houston Texas 
Phones JA-7222—KE-5136 
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For years come the initial 
application INSUL-MASTIC 
coating will still give 
complete protection your 
valuable installations. 


use you make Insul-Mastic 
Prevention, Vaporseal Over Thermal Insulation, Cork Filled Mastic 
Insulation, Moisture Seal and Resurfacing—they will still 
satisfactorily performing that same function great many years from 
today. 


Protect Your Exposed Steel from Cor- through metal plates 65%. also impervious 
acids and alkalis and will not absorb water. 
without harm strong acid and alkali solutions 
and proven that your corrosive atmospheres will 
not shorten its long years service. 


For Heavier extreme tem- 
peratures Insul-Mastic the perfect vaporseal 
over thick thermal insulation. keeps dry 
and functioning properly and prevents corroding 
the tank beneath. 


Moisture Seal Leaky Accel- 
erated weather tests have set the life Insul- 
Mastic years. factory walls the mainte- 
nance avoided pays for the coating many times. 
Colored granules make attractive finish here. 


Insulate Your Tanks And Equipment. 
filled Insul-Matic will reduce heat flow 


For detailed information 
write for our catalogs and 


have our engineers 


PREVENTING analyze your coating problems 


SEA 


CORROSION PROOFING 
WATERPROOFING 
VAPOR SEALING 
INSULATION “4 
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needed for acid pickling sodium hy- 
dride descaling methods and uses con- 
siderably less horsepower than rolling 
line. Speeds 500 feet per minute 
have been studied and considered feasi- 
ble and higher speeds 
Principal advantages the mechanical 
descaling method are: scale saved 
for subsequent use; slivers are re- 
moved and sharp edges and pits 
rounded; differences hardness 
adjacent areas reduced; chemical 
activity the surface reduced be- 
cause mechanical passivation; the 
metal not exposed 
eliminating factors tending promote 
gas absorption embrittlement; pollu- 


Pipe line engineers know that there 
finer pipe protection than the long- 
fibered strength Ruberoid Imperial 
Asbestos Felt. They have found that un- 
der most soil conditions Ruberoid pipe 
line felt, conjunction with proper 
enamel coating, provides the best de- 


tion streams from discharged pickling 
waste eliminated; eliminates the 
need for volumes scarce acids, alka- 
lies and water. 


Chicago Steel Service has moved into 
new 120,000 square foot warehouse 
Kildare and 45th St., Chicago. 


ElectroShield, consisting electro- 
chemically deposited copper one 
both sides mild steel core, de- 
scribed booklet issued American 
Cladmetals Company, Carnegie, Pa. 
certain applications are feasible with 
the material while the composite also 
has certain structural and strength ad- 
vantages useful some applications. 


Weather-Proof Package 

slight additional cost 
The weather hazards of field-wrapping 
jobs are greatly reduced by this ex- 
clusive Ruberoid development—a new 
package, constructed of water-proofed 
kraft and special edging seal—avail- 
able on special order at a slight addi- 
tional cost. 


fense against both physical and corro- 
sion hazards. The dangers jagged 
rocks, soil distortion, settlement and 
electrolysis are minimized with this 
more lasting protection. 


That’s why Ruberoid asbestos pipe 
line felt was chosen the protective 
wrapping for the new 26” gas line from 
Kentucky Buffalo, Built the 
Tennessee Gas Transmission Company, 
this gas line assured long-range 
economy maintenance the endur- 
ing performance Ruberoid Imperial 
Asbestos Pipe Line Felt. 


RUBERO 


Executive Offices: 
500 Fifth Avenue, New York 18, 


National Sales Agents 


DAY 
COMPANY 


“Serving All Pipe Lines” 
1973 West Gray 
Houston 19, Texas 


Vol. 


The material delivered sheets 
strips cut length, either hot cold 
rolled, annealed desired temper and 
then pickled and leveled. The copper 
layer microscopically shows granular 
structure characteristic rolled metals. 


PERSONALS 


John Roberts, associate professor 
metallurgy the University Hous- 
ton has accepted the post associate 
professor metallurgy and head the 
metallurgy department the University 
Oklahoma, Norman, Okla. 
Roberts was active formation the 
University Houston Junior Section 
and has been senior faculty adviser 
the section during the past year. 


Powers, vice-president charge 
production, was elected the board 
directors and Campbell, general 
manager the industrial chemicals 
division and Howard Huston, formerly 
assistant the president, were elected 
vice-presidents and Duncan was 
elected assistant the president 
American Cyanamid Co., New York 


City. 


Vierling, Jr. have been named assistant 
managers Pittsburgh Coke and 
Chemical Company’s protective coatings 
division. 


Robert Pope, recently retired from 
Bell Telephone Laboratories now lo- 
cated with his wife Ruth Applebachs- 
ville, Quakertown Pennsylvania. 


New Members— 
(Continued From Page 18) 


POPE, ROBERT, Applebacheville, Quaker- 
town, R. D. 3, Penna. (Rd. 3, Quaker- 
town, Penna.) 


TEXAS 

ALLEN, LOUIS D., 3909 Dismount, Dallas, 
Texas. (3923 Dismount.) 

ARMSTRONG, BOB J., 415 West Main St., 
Houston 6, Texas. (513 West Main St.) 

BOYD, WILLIAM G., JR., 4802 Alamo, Gal- 
veston, Texas. (513 West Main St., Hous- 
ton, Texas.) 

BRUSSE, LESTER W., Industrial Water- 
proofing Co., P. O. Box 5285, Corpus 
Christi, Texas. (2318 Sul Ross, Houston, 
Texas.) 

COLLINS, JAMES H., 415 West Mandalay 
Drive, San Antonio 1-B, Texas. (1310 
Short Street, New Orleans 18, La.) 

DAVIS, JACK G., 1614 Milford, Houston, 
Texas. (Transcontinental Gas Pipe Line 
Corp., 9095 M & M Bldg., Houston 2, 
Texas.) 

GREGORY, R. P., Houston Contracting Co., 
2707 Ferndale Place, Houston 6, Texas. 
Laurence H. Favrot.) 

HARRIS, JOHN J., Magnolia Pipe Line 
Company, Box 900, Dallas, Texas. (P. ©. 
Box 2121, Houston 1, Texas.) 

MOFFITT, JOHN H., Republic Natural Gas 
Co., 910 Staley Bldg., Wichita Falls, 
Texas. (Hugoton, Kan.) 

PEAKE, DAVID W., S. D. Day Company, 
P. O. Box 13126, Houston, Texas. (Ste- 
Phen D. Day, 1973 West Gray Ave., 
Houston, Texas.) 

VOIGHT, RICHARD A. “BILL”, 1915 11th 
Street, Port Arthur, Texas. (Trailer Vil- 
lage. No. X-12, University of Houston, 
Houston 4, Texas.) 

WILKINS, ARCHIE M., Shell Oil Company, 
Kilgore, Texas. (Box 398, Eagle Lake, 
Texas.) 

WRIGHT, EDWARD V., JR., 1119 Garcia 
St., Laredo, Texas. (Texas A & M Cul- 
lege, Box 4979, College Station, Texas.) 


CANADA 


HORNE, ALBERT N., Trans-Northern Pipe 
Line Co., Room 1011, 25 Adelaide S*., 
East, Toronto 1, Ontario, Canada. (Trans 
Arabian Pipe Line Co., Beirut, Lebanon.) 
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CORROSION TYPES 
INFLUENCING FACTORS 


Types 


3.2, 3.8 


Application Wagner’s Theory 
Scaling the Development Heat- 
Resisting Alloys. Hauffe. Metallober- 
flache, Section No. 12, 213-214 
(1949), 

Outline recent work author and 
his coworkers the fundamental mech- 
anism the process scaling. Wag- 
ner’s theory scaling and its 
mathematical expression. Derivation 
theoretical foundation for the develop- 
ment heat resisting (ferrous and non- 
ferrous) alloys. Advantages classify- 
ing scale systems according physical 
than chemical viewpoints. Ex- 
amples: Oxidation chromium-nickel 
alloys (formation spinel phase); bro- 
mination alloys. 
(Translation available from Henry 
Brutcher, Box 157, Pasadena, Cal. 


3.2, 5.3 


Salauze. Galvano, 160, 11-19 (1950). 

The causes pitting nickel elec- 
and methods for overcoming 
them are surveyed. connection with 
the latter, the following aspects are con- 
sidered: Correct surface preparation, 
plating solution composition and oper- 


ation, anode bags and solution filtration, 

additions oxidizing agents, solution 

agitation and the use wetting agents. 


3.2, 8.9 

The Problem Decarburization 
Railroad Materials. McBrian, Denver 
Rio Grande Western Railroad Co. 
Metal Prog., 58, No. 51-55 (1950) July. 

Through study failed railroad ma- 
terials made as-rolled as-forged 
shapes, was found that decarburized 
steel surfaces are responsible for the de- 
velopment, under operating stresses, 
fatigue failures when other such nu- 
cleus present. These fatigue failures 
originate and develop the decarburized 
surface under much lower stresses and 
loadings than would required start 
their development the parent material 
below the decarburized surface. Magna- 
flux and other methods inspection can 
detect these cracks the early stages, 
but the principal problem awaken 
the designers railroad materials for 
present production and for future devel- 
opments, the knowledge that decarbu- 
rized surfaces lower, materially, resist- 
ance fatigue and must therefore 
considered most carefully. Photomicro- 
graphs show decarburization four 
standard rails, showing wide variation 
American production—INCO. 


3.2 

Why Machine Parts Fail. Part 
Fracture and Inherent Strength. Part 
Origin and Growth Cracks. Charles 
Lipson. Machine Design, 22, 95-100, 111- 
116 (1950) May, June. 

Begins series articles based 
studies service failures extending over 


several years. Recognition, classification, 
and analysis metal fractures are dis- 
cussed Part Part discusses the 
slip theory. Describes three initial stages 
that mark crack origin, tells how the 
heat-tint method shows crack growth, 
and how stress reorientation influences 
crack direction. Includes graphs and 


3.2, 6.3 

The Scaling Behavior and the Mecha- 
nism Oxidation Heat- and Scale- 
Resistant Hard Alloys, Especially Those 
Based Titanium Carbide. (In Ger- 
man). Kieffer and Kolbl. anorg 
Chem., 262, 229-247 (1950) May. 

Reviews the literature the above 
and presents graphs, tables, photographs, 
and diagrams, showing above properties 
various hard metals and carbide al- 
loys. 


3.2, 6.3, 3.4, 3.7 

the Mechanism Crack Forma- 
tion the Stress-Corrosion Homo- 
geneous Solid Solutions. 
Inter- and Transcrystalline Cracking 
Silver-Gold and Copper-Gold Alloys. 
Ludwig Graf. Metallkunde, 40, No. 
275-280 (1949). 

study was made stress-corrosion 
cracking silver-gold and copper-gold 
alloys, solutions of: The weakly 
oxidizing agents ferric chloride, cuprous 
chloride, ferric sulphate and sodium sul- 
fide, and Strongly oxidizing agents 
such nitric acid, potassium permanga- 
nate, chromic acid and hydrochloric 
nitric acids. The results show that the 
type cracking primarily dependent 
the nature the corrosive medium, 
e.g. whether not directly attacks 
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CORROSION 


the more noble component the solid 
solution; such attack takes place 
only intercrystalline cracking occurs, but 
the solid solution dissolves transcrys- 
talline cracking occurs also. Weak and 
strong oxidizing agents only cause inter- 
and transcrystalline corrosion, respec- 
tively, when the more noble component 
the solid solution percent and 
percent, respectively. Intercrystal- 
line-crack formation often simple 
solution process and can more easily 
influenced outside factors than can 
transcrystalline cracking; differences 
lattice structure also have effect, al- 
loys having body-centered cubic and 
close-packed hexagonal structures show- 
ing only transcrystalline cracking. Both 
types cracking are influenced by, and 


decrease finally vanishing, subject- 


CORROSION STRIKES HERE 


Corrosion the ring certain result when 


NATIONAL ASSOCIATION CORROSION ENGINEERS Vol. 


ing the alloy increasing amounts 
mechanical 


3.2 

Formation Hair Line Cracks 
Hydrogen Introduced Into Steel 
Electrolysis. Geach. Research, 
(1950) Feb. 

Outlines experimental results which 
demonstrate the 


High Temperature Reactions Between 
Gases and Metals. Dravnieks and 
MacDonald. Met. ital., 42, No. 118-120 
(1950) 

Analysis the factors presented 
the gas metal reactions. Review the 
different laws regulating the above men- 
tioned reactions. Description the 
Mechanism the development the 


dissimilar metals are flanged the presence 
low resistance liquid electrolyte. Machin- 
ing cloth-reinforced plastics exposes the cloth 
liquids which hasten deterioration. Forged 


steel ring gaskets cannot stop this corrosion and 
alloys frequently increase the rate corrosion. 


But can eliminated! 


PESCO Gaskets are molded Fiberglas 
and special resin, and provide positive 
protection against the flow electric 
current between dissimilar metals 
joint. They are form fitting under pres- 
sure, have high mechanical strength, 
and are unaffected chemically any 
the gases fluids encountered 
oil and natural gas production trans- 
mission. When used with insulated 
sleeves and washers around the bolts, 
PESCO Gaskets will electrically insulate 


any joint, and will eliminate corrosion 
caused galvanic, long line stray 
electric currents. Thousands service 
high pressure christmas trees over 
the past five years. Widely used 
insulate well structures against currents 
flowing from pipe line systems. Investi- 
gate PESCO Plastic Ring Seal Gaskets 
today sizes available replace 
metal rings built API specification 
5-G-3. Prices request. 


PLASTIC ENGINEERING AND SALES CORP. 


BOX 1037 


210a 


FORT WORTH, TEXAS 


slag with particular reference the 
three following questions: 

the oxygen the metal that 
diffused through the slag? the 
substance diffused atomic ionic 
state? Which the process that de- 
termines the reaction speed?—Reaction 
order and lattice disorder—Influence, 
the effect the reaction speed, the 
impurities gases and the metal, 
and the defects deriving from stresses. 
Reaction speed and temperature. Varia- 
tions the compositions the phases 
and interaction between phases the 
gas/metal system (transition zones). 
Research methods and 


Pitting Corrosion Copper Water 
Pipes Caused Films Carbonaceous 
Material Produced During Manufacture. 
Hector Campbell. Inst. Metals, 77, 
No. 345-356 (1950). 

number cases rapid failure 
copper water pipes pitting corrosion 
one town has been investigated. 
the samples tube that had failed which 
were examined were found contain 
films carbonaceous material. More- 
over, close connection was found be- 
tween the weight carbon present 
film and the presence absence 
ting sixteen copper water pipes taken 
from houses the same town, where 
failure had not occurred. was 


cluded that the pitting corrosion experi- 
enced this area was due carbonace- 
ous films formed from drawing-lubricant 
residues during annealing manufac- 


One hundred and twenty-one sam- 
ples copper water pipes, which had 
been submitted various times the 
British Non-Ferrous Metals Research 
Association for examination, after service 
areas where pitting known occur, 
were re-examined and the quantity 
carbon each determined. The results 
indicated that least percent fail- 
ures copper cold-water pipes pit- 
ting were due carbonaceous films 
formed during manufacture. The influ- 
ence such films upon pitting corrosion 
hot-water pipes has not been 
lished.—MA. 


Factors Biological 


3.3 

The Bacterial Corrosion Iron and 
Concrete. Mining J., 234, No. 5985, 450- 
451 (1950) May 

Iron concrete underground struc- 
turets corrode neutral, water-logged 
clay soils due the action sulfate 
reducing bacteria. This “graphitization” 
occurs anaerobically. The concrete 
corroded the formation hydrogen 
sulfide Thiobacilli and the oxida- 
tion sulfur sulfuric acid the 
Thiobacilli Concretivorus soil. 
Prevention this type corrosion 
bituminous coating the use 
selenates tellurates bacterial poi- 
sons the sacrificial anode method 
using zinc 


3.3 

Studies Marine Fouling Organisms. 
Pyefinch. Iron Steel Inst., 165, 
214-220 (1950) June. 

Summarizes work which has been done 
the biological aspects the fouling 
problem, mainly Millport (Firth 
Clyde) during the period Much 
this work has been published 
appropriate biological journals. Labora- 
tory determinations the sensitivity 
most the major fouling organisms 
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PROOF that Monsanto Santolene stops corro- 
sion. The rod the left rusted while was sub- 
merged uninhibited product for weeks. 
The clean rod was submerged for identical 
period like product which ppm Santo- 
lene had been added. 


The problem internal corrosion 
pipe lines carrying light petroleum 
products can solved easily...with 
Monsanto Santolene Santolene 
has the multifold advantage 
protecting—with single applica- 
tion—other transmission, storage 
and refinery facilities addition 
pipe lines. small amount Santo- 
lene added the product controls 


Santolene has been proved effec- 


tive pipe-line service for more than 
and major oil refiners marketing all 


types light petroleum products. 


Since Santolene product-soluble, 
burns completely with gasoline 
diesel oil. leaves residue. Tests 


both gasoline and diesel engines 


prove that Santolene does not 
reduce engine cleanliness does 
not cause injector carburetor foul- 
ing has adverse effect any 


factor engine performance. 


Try Monsanto Santolene the 
solution your corrosion problem 
refineries, lines, tanks, cars ships. 
For technical information the use 
Santolene write, wire tele- 
phone MONSANTO CHEMICAL 
COMPANY, Organic Chemicals 
Division, 1700 South Second Street, 


St. Louis Missouri. 
Santolene: Reg. U. S. Pat. Off. 


SERVING INDUSTRY...WHICH SERVES MANKIND 
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Body 
Materials 


All the various possible combinations bonnet assemblies, 
diaphragms and body materials available Hills-McCanna valves 
total over 20,000! True, many the combinations would not 
practical, but this figure does indicate the tremendously wide 
variety valves that Hills-McCanna offers. matter how spe- 
cialized your problem valving corrosive and/or hazardous 
substances, slurries, viscous liquids, gases, fermentation products, 
materials subject coagulation, foods beverages, the chances 
are that Hills-McCanna can furnish the proper valve meet 
your needs. 

Hills-McCanna valves are Saunders patent diaphragm valves 
wherein the closure affected pressing resilient diaphragm 
against transverse weir. Working parts are isolated from the 
The valve leak-tight and requires packing. Sizes from 

Write, today, for full information and descriptive literature, 

HILLS-McCANNA CO., 2460 Nelson St., Chicago 18, 


patent diaphragm values 


copper and mercury have revealed many 
complexities this phenomenon. ref. 


Factors Chemical 


3.4 
The Influence Anions the Cor- 
rosion Metals Aqueous Solutions. 
(In Italian.) Assoc. Ital. 
Met. 2nd Nat. Congress, (1948) May. 
Papers Corrosion.—RPI. 


Factors Physical 
and Mechanical 


Corrosion Metals Underground. 
News Bull., 34, No. 48-49 (1950) 

pr. 

Information the resistance un- 
derground corrosion wide variety 
ferrous and nonferrous metals and 
alloys resulting from field experiments 
being analyzed the National Bureau 
Standards. Approximately 3000 speci- 
mens representative pipe materials 
exposed soil corrosion for periods 
years, have been examined and the 
loss weight and depth pitting 
been measured and interpreted. Because 
the broad range environmental 
conditions commonly encountered un- 
derground construction, the specimens 
were buried test sites widely sepa- 
rated throughout the Some infor- 
mation contained corrosion resist- 
ance copper and its alloys with sili- 
con, zinc and nickel and certain steels 
containing high percentages chromi- 
and nickel—TDD. 
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THRESHOLD TREATMENT 
WITH CALGON® CONTROLS 


CORROSION WATER SYSTEMS 


Calgon strongly adsorbed most metals and 
metallic oxides, especially iron and iron oxide. 
controls corrosion forming 
protective film over all metal surfaces the water 
system thereby insulating them from the oxygen and 
other corrosive elements the water. 

Thus, Threshold Treatment with Calgon ac- 
tually treatment the metal surfaces rather than 


the water, which used carrier bring the 


Calgon contact with the metal. 
For more detailed information the use Cal- 
gon control corrosion write for the booklet, “Cal- 
gon Controls Corrosion.” will glad discuss 
any specific problem which you are interested. 
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Effect Gas Content Sea Water 
Upon Cavitation Tests. Edstrand. 


SIZE Publications the Swedish State Ship- 


The presence atmospheric gasses 
dissolved water great importance 
testing technique cavitation tun- 


nels. When the pressure lowered dur- 
WITH ing cavitation test, oxygen 
gen are released accordance with 


equilibrium results corresponding the 
new pressure. This state equilibrium 
not determined, any case not 
cavitation tunnels the conventional 
—the Coal Tar Coating Handy Tape Form type, the pressure which exerted 
the model propeller and which 
Sized the job chosen according the pressure con- 
ditions required. Some the gasses 
which separate under the low pressure 
around the model propeller become re- 
dissolved other parts the tunnel; 
the state equilibrium therefore de- 
pends upon some mean pressure the 
tunnel. Thus, the properties the cavi- 
tation tunnel which depend upon its con- 
struction are great importance 
evaluating the test results and compar- 
ing them with those for the ship. Ex- 
periments showed that the characteristics 
high advance coefficients (equal 
greater than 0.73) are considerably in- 
fluenced sheet cavitations 
faces the blades. But this effect 
independent the quality gas dis- 
solved the water. lower 
coefficients, however, within the peak 
efficiency range and below, where the 
propeller blades are mainly working 
with bubble cavitation their suction 
sides, the characteristics fall rapidly with 
increasing gas content. The author pre- 
sents graphs which show that gas sepa- 
ration and bubble formation are made 
easier sea water and have 
increase gas content decreases 
This behavior can accounted for 
the existing reserve chemically fixed 
carbon dioxide. drawing 
reserve, carbon dioxide separation the 
low pressure sections the cavitation 
tunnel stimulated. Therefore, when sea 
water, opposed tap water, used, 
larger quantity separated gas can 
assumed present the low pressure 
region around the model propeller; this 
even tap water shows the same 
gas content salt water when tested 
atmospheric pressure before 
each experiment. Carbon dioxide separa- 
tion, other words, occurs more 
sea water than tap water due 
the release low pressures free dis- 
solved carbon dioxide from the sea wa- 
ter’s chemically fixed reserve. The author 
points out that his data indicate dis- 
tince difference between the perform- 
ances tap and sea water respectively. 
that the effect cavitation upon 
thrust and torque becomes evident ear- 
lier sea water. But the differences re- 
corded are not nearly great 
observed Numachi his experiments 
glass 
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For more than years, Tapecoat engineers have 
specialized pipe joint protection. Call them _Corrosion. Fontana. Ind. Eng. 
today for complete details corrosion the attack 
both metals because chafing 


load. The corrosion products are oxides 
The TAPECOAT Company and the rate attack rapid. For this 
Originators the Coal Tar Tape for Pipe Joint Protection type corrosion the metal 


must under load, vibration must pre 


1521 Lyons St., Evanston, Illinois 
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October, 1951 


Topics included all technical ma- 
terial published 1945-50 
inclusive have been cross indexed 
tabular format published the Decem- 
ber 1950 issue. 


TANKS, FLOORS, FUME DUCTS 
PROCESS EQUIPMENT 


Over Quarter Century Experience 
ATERIALS © CONSTRUCTION + SUPERVISION 


4832 RIDGE RD. 
CLEVELAND 9, OHIO 


Write for Rates: 
919 Milam 
Houston 2, Texas 


CORROSION ENGINEERING 


Let select and apply the coating 
lining best suited protect your 
equipment and structures. 


17760 Clarann Avenue 
Melvindale (Detroit) Mich. 


Rely on Atlas’ over a half 
mcentury service help 
solve your problems. 


PRODUCTS COMPANY 


Cathodic Protection Service 


Engineering — Installation — Surveys 
Material Supplies 
Everything in the Cathodic Protection Field from 
an Insulating Washer to a Turnkey Contract 
Installation 
4601 Stanford - HOUSTON — Phone JA 5171 


NEW ORLEANS 
149 Metairie Lawn Dr. 


TULSA 
310 Thompson Bldg. 
Phone TE 5735 Ph. 2-9857 


INSTRUMENTS 


For the Corrosion Engineer 


@ Copper Sulfate Electrodes 

®@ Resistivity Rod & Pipe Prod 

@ AC Bridges 

@ No Current Potentiometer with 
Current Ranges 


COLLINS 


ANGLETON, TEXAS 


Corrosion Engineering 
Company 


1814 Richmond Houston, Texas 
KE-5136 
ALLEN D. STAFFORD, President 


Inquiries invited 


CORROSION 


NACE NEWS 


POSITIONS AVAILABLE 


Welding Engineer. Plant southeast- 
ern Pennsylvania doing heavy fabrica- 
tion machinery and component parts. 
Minimum five years experience 
degree, Met., Chem. Eng., plus 
general knowledge welding techniques 
and procedures. Contacts with custom- 
ers and plant personnel. Age 30-40. State 
salary desired first letter. Box 51-5, Cor- 
rosion. 


published December, 1950 
indices all technical material pub- 
lished the magazine from 1945 through 


1950. 


FOX 
Corrosion Engineering Service 


Cathodic Protection— Non-Destructive Testing 
Special Investigations 
Miscellaneous Instruments & Supplies 


3405 Piedmont Ave. 
Oakland 11, Calif. 


SERVING ALL PIPELINES 
PIPELINE ASBESTOS FELT 
Made by The Ruberoid Co. 


COAL TAR ENAMEL COATINGS 
Made by Pittsburgh Coke & Chem. Co. 


OKLAHOMA GLASS PIPE WRAP 
Made Glass Fiber Corp. 
“Steve” Day 
DAY COMPANY 
2017 Gray Houston 19, Tex. 
Phone JU-2431 


CARL DEUBER 


Technical Services in 


Prevention Deterioration 


Anaerobic Corrosion 
Fungus Inertness Tests of Pipe Coatings - 
Wrappers — Tapes 
Laboratories 
114 East 32nd Street 
NEW YORK 16, 


Telephone: 
LExington 2-3244 


CATHODIC PROTECTION 


Surveys Engineering 
Installation Maintenance 


Electro Rust-Proofing Corp. 
(N. J.) 
BELLEVILLE NEW JERSEY 
Atlanta — Chicago — Dallas — Monrovia 


Complete 


CATHODIC PROTECTION 


Systems . . . Supplies . . . service 
for special applications; water tanks 
and pipe 


HARCO CORPORATION 
16901 Broadway Cleveland, Ohio 


DIRECTORY 


POSITIONS WANTED 


Chemical (1944) Metallurgical 
(1947) engineering. Four years’ experi- 
ence fine chemicals manufacturer 
selection, testing and recommendation 
construction materials for process equip- 
ment. Want position with corrosion- 
conscious firm. Box 51-7, Corrosion. 
Carl Gross has been named general 
manager and John Kelin salesman- 
ager American Smelting Refining 
Company’s midwestern department. 
Ellworth Hudgens has joined the 
staff Dowell Incorporated devel- 
opment engineer specializing cathodic 
protection. 


Over 4195 Readers 
Receive Corrosion 
Magazine Monthly 


Cathodic Protective Systems 
Designed and Installed 
Coating and Laying Specifications; 


Corrosion Surveys; Consultation On 
All Types of External Pipe Line Corrosion. 


Huddleston Engineering Co. 


Bartlesville Oklahoma 


Complete Corrosion Mitigation 
Product and Equipment Line 


WE REPRESENT: Koppers Coatings, Nicolet 
Asbestos Pipe Line Felts, Apex Magnesium 
Anodes, National Graphite Anodes, Tapecoat. 


®@ Rectifiers @ Instruments 
and other nationally known products 


MIDDLE WEST COATING SUPPLY 


TULSA, OKLA, 


207-A Daniel Phone: 2-5215 


RIO ENGINEERING CO. 


Cathodic Protection Systems 


Surveys Installation Design 


HOUSTON, 
3607 Yoakum 


PIPE COATING “KNOW-HOW” 
PIPE PROTECTION SERVICE, Ine. 


Modern Portable Railhead 
Equipment for Any Size Job 


Main Plant: 179 FRONT ST., ELIZABETH, N.J. 
“The Complete Coating Service” 


South Florida Test Service 


INSPECTION TESTING RESEARCH 
ENGINEERS 


(Established 1931) 
Corrosion, weathering and sunlight tests. 
Four locations in Southern Florida for inland, 


salt atmospheric, tidewater and total immer- 
sion exposure tests. 


4201 7th St. 


MIAMI, FLORIDA 
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vail the interface, and small degree 
slip must exist between the two met- 
als. The results fretting are removal 
pitting the metal, production 
oxide debris, and galling, cracking, 
fatigue the metal. Fretting often oc- 
curs shipping automobiles rail 
boat for long distances. table gives the 


ASSOCIATION CORROSION ENGINEERS 


fretting corrosion resistance various 
metals under dry conditions. Nickel 
steel has low resistance, and nickel plated 
spheres aluminum surface have 
medium resistance. This type attack 
can minimized lubricating with 
low viscosity, high tenacity oils, increas- 
ing the load avoid vibration and slip, 


PROFITS ARE SAVED 
NOT MADE 


Whether gas water distribution system, 
transmission pipe line, tank bottom, off-shore drilling 
platform, condenser water tank, ship hull, corro- 
sion losses can stopped—can converted profits. 

Electro Rust-Proofing services are designed help 
you make these savings. First, ERP offers complete 
engineering service either contract per diem 
basis suit your individual needs. All survey and 
design work conducted qualified cathodic protec- 
tion engineers fully equipped with the necessary pre- 
cision measuring instruments and other testing appa- 
ratus. Second, ERP’s Contract Department avail- 
able furnish, install and maintain all cathodic 
protection equipment and materials which may 


Whether your company has single tank thou- 


sands miles pipe line, you’ll find that ERP can 
help you save profits. Write for details without obliga- 


REPRESENTATIVES PRINCIPAL CITIES 


required. 
" 


E-16 


CATHODIC PROTECTION FOR ALL BURIED AND SUBMERGED STRUCTURES 


PEARSON ELECTRONIC COATING INSPECTOR 


Used for locating voids the coating completed pipe 
without uncovering the line the new and Pearson 


Electro. Rust-Proofing Corp. (N. J.) 


BELLEVILLE 


THE NEW AND IMPROVED 


Electronic Coating Inspector 


Has compact, light-weight receiver which weighs only 

Has greatly increased power output signal generator 
which arranged for self-contained batteries. 

Has replaceable vibrator unit signal generator for 
assuring continuous field operation. 

Has carrying case which houses complete unit, and 
permits operation during bad weather. 


First manufactured “NEMCO” ten years ago, the new and 


improved Pearson Inspector the outgrowth considerable 
and varied field experience, plus much research and develop- 


ment work. 


217 Detroit St. 


216a 


TULSA, OKLAHOMA 


Write for new, illustrated Bulletin No. 941-A. 


Telephone 2-5131 


Vol. 


use rough surfaces increase friction, 
use gaskets absorb vibration, in- 
creasing the hardness one both 
surfaces and coating surface treat- 
ments, shot 


New Theory Corrosion Fatigue. 
Berg.u. Huttenm. Monatsh., 95, 
25-34 (1950) Feb. Bull. Brit. Non-Fer- 
Metals Research Assoc., 191 (1950) 
May. 

Survey the literature and ac- 
count original fatigue and X-ray in- 
vestigations low-alloy steels. The 
tigue caused trans-crystalline at- 
tack following precipitation within 
the 


POSITIONS AVAILABLE 


SALES MANAGER 


Man experience the field 
corrosion-proof construction (acid 
proof materials), head sales de- 
partment well established com- 
pany. Must have experience 
handling salary and commission 
salesmen. Write giving complete 
personal history and qualifications. 
The Ceilcote Company, 4832 Ridge 
Road, Cleveland Ohio. 


Outside view 


metal carrying case 
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3.5, 6.4, 3.7 

The Nature and Mechanism Stress 
Corrosion Wrought Aluminum 
loys. Vosskuhler. Werkstoffe Kor- 
rosion, No. No. 143-153, 179-184 
(1950) Apr., May. 

Stress corrosion several aluminum 
alloys extensively dealt with. de- 
fined the sudden failure the result 
the action the metal static 
mechanical stress under corrosive con- 
ditions. The survey first discusses the 
type and appearance the forms 
stress corrosion. The three forms 
grain boundary corrosion: Intercrystal- 
stress and layer corrosion, are de- 
and discussed with relation each 
other. The following alloys were tested: 
type— Hydronal- 
er-magnesium type—Igedur Igd 26, 
and Igd 30. External factors 
which influence stress corrosion, shape 
the specimens, methods stressing 
and nature and magnitude the 
stresses are discussed. Tests were car- 
ried out under conditions total im- 
mersion, periodic immersion spray- 
ing. Various corrosive media were used. 
The effect grain size, texture, cold 
work and heat treatment stress cor- 


i 


3.5, 6.4, 3.8 

Theory the Mechanism Stress- 
Corrosion Aluminum-7 Percent Mag- 
nesium Alloy. Gilbert and 
Hadden. Inst. Metals, 77, No. 237- 
261 (1950). 

detailed theory put forward 
the mechanism stress-corrosion 
aluminum-7 percent 
based partly work covered the 
paper and partly work described 
elsewhere. The commercially produced 
alloy not susceptible stress-corro- 
sion, but after heat-treatments which 
lead preferential precipitation the 
beta phase the grain boundaries the 
alloy liable suffer rapid intercrys- 
talline failure when stressed in, say, so- 
dium chloride solution. The theory 
postulates that stressed specimens 
stress concentrations are built the 
tip crevices formed preferential 
attack the beta phase. When 
the stress concentration the tip 
the most advanced crevice sufficiently 
high, sudden partial mechanical frac- 
ture between beta and the solid solution 
leads progress the crack along the 
grain Rapid corrosion the 
bare beta surfaces exposed then oc- 
curs, with the evolution hydrogen. 
This intercrystalline attack quickly slows 
down corrosion films re-form the 
electrodes and then proceeds oxygen 
absorption. Eveneutally the conditions 
leading mechanical disruption are 
again built up. thus visualized that 
slow corrosion oxygen absorption, 
partial mechanical 
ure, and short period rapid corro- 
sion with hydrogen evolution follow 
each other turn until the fractiure 
complete; or, the case specimen 
under constant load, until the ultimate 
tensile stress the residual metal 
exceeded. Experiments related the 
electrochemical and mechanical aspects 
the stress-corrosion process are de- 
scribed and discussed.—MA. 


CORROSION ABSTRACTS 


HORTON 
ALUMINUM 
TANK 


Safely Storing Solution Nitrate 


for Hercules Powder Company 


rather strong solution Ammonium nitrate 

used the manufacture industrial explosives 

the Bessemer, Alabama plant Hercules Powder 

Company. The corrosive nature this liquid al- 
ways made efficient storage problem—until the installation 
structure has proved successful eliminating metallic 
contamination. 

Aluminum only one several corrosion resistant mate- 
rials used building Horton tanks and processing equip- 
ment for industry. Other solid metals include chrome nickel 
straight chrome stainless steel, monel nickel. also 
erect clad steels and linings from variety metals. 


Write for information quotations. 


CHICAGO BRIDGE IRON 


2137 Healey Building Los Angeles 17. .1552 General Petroleum Building 
Birmingham 1 ........ .1552 North 50th Street New York 6...... .3328—165 Broadway Building 
i ase 1060—201 Devonshire Street Philadelphia 3 1661—1700 Walnut Street Building 
2119 McCormick Building Salt Lake City 4.... 563 West 17th South Street 
Cleveland 15...... .....2248 Guildhall Building San Francisco 4 ta pe! 1572—200 Bush Street 
Houston 2... ...2159 National Standard Building Washington 6, D. C..........1166 Cafritz Bidg. 


Plants in: BIRMINGHAM, CHICAGO, SALT LAKE CITY, and GREENVILLE, PA. 
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LINED 


steel 
pipe 


Many reasons for are unpre- 
lost production due 
repairs and replacements very definitely 
the realm your control! Follow the 
lead many the country’s leading 
manufacturers, install saran 
lined steel pipe—that means long term 
operation minimum maintenance cost. 


Consider these advantages: Saran lined 
steel pipe provides excellent corrosion re- 
sistance, high pressure strength, superior 
rigidity, and its ease installation requires 
special tools handling. 


These advantages are important you— 
now more than ever before, investigate 
saran lined steel pipe today. Mail this 
coupon the Saran Pipe Company 
for full information. Saran lined steel pipe 


Distributed by 


Saran Lined Pipe Company 


2415 BURDETTE AVE. e FERNDALE, MICHIGAN 
With Offices in: New York ¢ Boston ¢ Philadelphia 
Pittsburgh Chicago Tulsa Portland Indianapolis 
San Francisco Houston Denver ¢ Seattle Los 
Angeles ¢ Cleveland ¢ Charleston,S.C. © Toronto 


CORROSION—NATIONAL ASSOCIATION 


CORROSION 


Please send your cata- 
logue containing detailed 
information Saran Lined 
Pipe, Valves and Fittings. 


NAME 


TITLE 


ADDRESS. 


CITY 


SP-65 


SARAN LINED PIPE 


Dow 


product 


ENGINEERS 


Factors 
Electrochemical 


3.6, 8.9 

Preventing Dissimilar Metal Corro- 
sion. Close. Fin. 26, No. 
54-56 (1950) Mar. 

note the insulating coatings ap- 
plied magnesium and aluminum sur- 
faces Northrop Inc., 
prevent galvanic corrosion. All copper, 
brass, bronze and most steel alloys 
contact with magnesium are zinc cad- 
mium plated and zinc chromate ap- 
plied both interior and exterior fay- 
ing surfaces between magnesium alloys 
and other metals. Aluminum alloys are 
similarly treated, but the risk gal- 
vanic corrosion less aluminum 
lower than magnesium the galvanic 


3.6, 6.2 

Dissolving Rate and Solution Poten- 
tial Chromium. (In Russian) Ya. 
Durdin and Markevich. Gen 
Chem., R., 19, No. 81, 2131-2147 
(1949) Dec. 

The above was investigated hydro- 
chloric acid and sulfuric acid various 
concentrations. was established that 
the rate solution hydrochloric 
(up and sulfuric acid (up 
stirring, indicating that the rate no: 
influenced the diffusion process, 
indicated the high temperature co- 
efficient this rate. Method investi- 
gation described. Data are tabulated 
and charted. 


3.6 

Hydrogen Overvoltage and Hydrogen 
Diffusion Through Iron Cathodes. (In 
German) Fischer and Heiling. 
Elektrochem, 54, 184-190 (1950) May. 

Effect difference potentials be- 
tween the outside and inside cup 
cathode highly pure iron upon ca- 


thodic evolution hydrogen the out-. 


side the cathode also the effect 
current density and organic inhibitors 
the potentials were Re- 
sults indicate that considerable part 
the overvoltage depends the pres- 
sure atomic hydrogen and that the 
organic inhibitors have negative cata- 
lytic effect. Illustrations, graphs and ta- 
bles. 


Detection, Measurement and Mitiga- 
tion Stray-Current Electrolysis. Frank 
Fry. Symposium Cathodic Pro- 
tection, Electrochem. Soc. and NACF, 
54-56 

Methods detection and measure- 
ment are briefly described. Three 
ods controlling stray-current elec- 
trolysis are: Increasing negative 
feeder and rail return capacity. in- 
creasing the number power plants 
and geographically locating them give 
uniform load distribution the feeder 
system, and Electrical drainage 
underground 


3.6 

Oxygen Overvoltage. Part II. The In- 
fluence Hydrogen Ion Concentration, 
Nature Electrolyte, Temperature, and 
Addition Fluoride. Part III. Note 
the Standard Potentials the Hy- 
droxyl Radical and Atomic Oxygen. 
Hickling and Hill. Trans. Faraday 
Soc., 46, 550-559 (1950) July. 
ences.—BLR. 
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PROBLEM: 


HCL fumes were causing serious 
tural steel well 
tegration the poured con- 
crete walls and ceiling areas 
the galvanizing department 
New England mill. 


SOLUTION: 


Two coats Prufcoat #1120 
over spot prime coat the 
same material were applied 


April 


controlled 
stopped, repainting was not 
necessary until April 1951. 


1948. With 


corrosion 


Metal-Reactive 
Primer P-10 


Does not require complete 
surface cleaning most 
other priming methods and 
works well damp dry 
‘surfaces. Makes possible 
simple yet positive two-step 
system for corrosion-proof- 
ing old moist metal sur- 
faces. Write today for Pruf- 
coat Technical Bulletin 012. 


CORROSION ABSTRACTS 


“Prufcoat has taken the job protecting the metal and 
masonry our galvanizing department out the jinx job classifica- 
tion,” the engineer charge this plant recently reported 
“Before Prufcoated our galvanizing department, were forced 
repaint this area every year and looked though had never 
been painted after only six months.” 

Yes, performance records prove that where acids alkalies de- 
stroy, Prufcoat Protects concrete floors, walls, ceilings, struc- 
tural steel, pipes, tanks, ducts, machinery and equipment. 


Coat for Coat, Prufcoat Gives More Protection 
Lower Cost Than Any Other Air-drying Paint 


Economical original cost well the preventive maintenance terms 
positive protection against costly corrosion, Prufcoat Protective Coatings 
come ready-to-use single, five and gallon containers and are available 
wide range attractive colors including green, buff, black, red, white, and 
several shades gray. 

experienced Prufcoat corrosion engineer will gladly make Preventive 
Maintenance Survey your plant. obligation, course. Write today, 
describing YOUR corrosion problems. 


PRUFCOAT LABORATORIES, INC. 


East 42nd Street, New York City 


' 
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WHEN your problem in- 
volves the processing, storing 
transportation corrosive acids 
and chemicals, you can depend 
Acme-Fisher furnish the correct 
protective rubber lining. 


Every Acme-Fisher installation 
specially formulated provide 
the highest degree resistance 
corrosion and abrasion. 
permanently bonded the metal 
surface and will not loosen with 
contraction and expansion 
metal. 


MATERIAL FOR YOUR JOB 


wide variety materials and 
many formulations each, plus 
the technical men make 
analysis for your operation. 


LAYBOND, Soft Rubber 

LAYBOND, Semi-Hard Rubber 
LAYBOND, Hard Rubber 
TRI-BOND, (Multiple Hardnesses) 
NEOBOND, (Neoprene) 
POLYVINYL 

SARAN RUBBER* 

NARAS RUBBER 

PHENOLIC, Baked 

*Trade Mark, Dow Chemical Co. 


PLANTS 


Acme-Fisher Texas 
Houston 20, Texas 
Broadway Rubber Corp. 
Louisville Ky. 


Field crews operate from both plants. 


Address inquiries to Dept. 107 


Factors 
Metallurigical 


3.7, 2.3, 6.3 


Micrographic Study Solidification 
Structures 99.5% Pure Aluminum. 
(Heterogeneous Structure.) (In 
French). Herenguel. Rev. Met., 47, 


29-38 (1950) Jan. 


Presents results experimental in- 
vestigation the above, including nu- 
merous micrographs. Includes study 
causes localization attack shown 
corrosion etching patterns. Effects 
than aluminum (copper, silicon, iron) 
and more electronegative (magnesium) 
the latter were determined. Relation- 
ship between localized attack and other 
micrographic observations discussed. 


3.7, 4.6, 6.4 

Corrosion Intermetallic Composi- 
tions (Korrosion intermetallischer Ver- 
bindungen). Lohberg. Metallkunde 
(Germany), 41, No. 56-59 (1950) Feb. 

The corrosion resistance various 
aluminum and magnesium compositions 
water and water vapor various 
temperatures was investigated with the 
purpose discovering whether there 
relation between the crystal struc- 
ture and corrosion resistance. The tests 
out AlSb, AlCu, 
Al,Cup, AlsMg:, Meg» Pb, Mg:Sn, Mg:Si, 
and the form cast speci- 
mens eight inches diameter. Results 
the tests indicate that certain metal- 
lic compositions can corroded 
water vapor the elements the 
compound have different electrochemical 
potentials and each element will corrode 
alone. Corrosion can retarded the 
formation oxide coating me- 
tallic coating the nobler component. 
relation could established between 
crystal structure and corrosion. When 
metallic compound formed the elec- 
trochemical behavior the metals does 
not change 


3.7, 6.4 

Relationship Between Constitution 
Diagram Alloy and Its Tendency 
Corrosion. (In Russian) Yu. Kly- 
achko and Shapiro. Reports the 
Academy Sciences the USSR, new. 
ser., 72, 707-709 (1950) June 

Above relationship for 
the magnesium-tin and aluminum-mag- 
nesium systems. Charted and tabulated 
data indicate that definite relationship 
exists. Practical application discussed. 
—BLR. 

3.7; 

Recent Research Electrolytic Pol- 
ish. Michel. Sheet Met. Ind., 27, No. 
274, 165-173 (1950) Feb. 

The microstructure surfaces; quali- 
tative examination; inspection methods 
microscopic examination, diffusion 
meter, Bausch and Lomb comparator, 
pneumatic micrometer gauge, microin- 
terferometer, profilometer, surface an- 
alyzer. Electrolytically and mechanically 
polished surfaces compared with respect 
microstructure, hardness, embrittle- 
ment, fatigue strength, frictional coeffi- 
cient, corrosion resistance.—BNF. 


Influence Contents Carbon, 
Chromium, and Tungsten Mechanical 
Properties Certain Valve Steels. (In 
French) Koshiba and Tanaka. 


Vol. 
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Circulaire d’Informations Techniques, 
395-399 (1949) Aug.-Sept.-Oct. Trans- 
lated from Tetsu Hagane (Japanese), 
34, 13-15 (1948) Aug. 

Tabulated and charted data, including 
transformation points effects 
mechanical properties and oxidation re- 
sistance, show that chromium-wolfram 
steels are satisfactory for valves 
con-wolfram 
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ANOTHER 


NACE NEWS 


APPLICATION MASTIC 


This sphere never gets 
under the collar 


Butane storage tanks such this 
40,000 barrel capacity Hortonsphere 
have maintain low inside temper- 
atures under complete weather 
cycling the contents will vaporize. 
single 14” coating ERKOTE 
Insulating Mastic reduces heat 
transfer and provides permanent 
protective surface for this unusual 
Structure. 


ERKOTE readily applied 
spray and adheres almost any 


type surface. requires mech- 
anical means hold place re- 
gardless surface angle; sheds 
water, and extremely resistant 
chemicals and corrosive fumes. 


ERKOTE Technical Coatings— 
both Mastics and Paints—are used 
many industries such utilities, 
textiles, chemicals, railroads, paper 
mills and oil refineries for weather 
proofing, insulating and protecting 
against corrosion. 


FOR USE WHERE PAINTS FAIL 


COATING 


offer you impartial 
advice your problems 
Since manufacture both mastics 
and paints for industrial protection 
can supply the exact surface 
coating satisfy your requirements. 
Our engineers will glad help 
you with our recommendations. 


ERKOTE 

your assurance 
undivided responsibility 
our own mastics and paints and 
furnish our own trained crews ap- 
ply and maintain ERKOTE prod- 
ucts with our own special equipment 
assume full responsibility for the 
quality the materials 
workmanship. 


Would you like know more about 
ERKOTE Technical Coatings? 
will glad send you booklet 
describing the many uses for our 
products. 


EARL PAINT CORPORATION 
240 Genesee Street 
UTICA, NEW YORK 


ERKOTE PRODUCTS 


Corrosion Resisting Mastics, Mica Mastics, 
Mastics, Vapor Troweling 
Mastics, Color Finishers, industrial Paints and 
Varnishes. 
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This Costs Money, Too 


doesn’t 
make you any friends! 


Pipe for utility distribution P.S. our pipe coating plants 
systems deserves even better and Lorain, Ohio, have 
tion than pipe for pipelines. For one added third Hammond, Indiana 
—centered the steel pipe mill 
section the Chicago Switching 
District. This location enables our 
customers the west and southwest 
take advantage the Hill, Hub- 


process with faster deliveries. 
Sure, factory coated pipe costs freight rates include the 


shade more, but pays off staying privilege coating and wrapping 
the ground longer and saving pipe transit. The new plant has 
maintenance expense. ample storage space. 


thing, costs more dig when 
something goes wrong. Also those 
noisy pavement-breakers 
snarling holes the streets don’t 
your public relations any good. 


Leaders 


Pipe Protection 
fora 


Quarter Century 
Headquarters: 3091 Mayfield Road, Cleveland 18, 


222a 


means “one-plant 


All DURCO ps, pipe, fittings—are 


plant. From casting finishe product, 


responsibility our 


dern, well equipped 


job ours and the 


undivide 


find the solu- 
get the most from 


AMAL 


tive 
help 
plant. 


THE DURIRON COMPAN INC. 
DAYTON OHIO 


Your nearest DURCO 
tion your corrosion problems 
DURCO equipment now 


CLM AM AS AA SARA 
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The STEARNS Co. 
SHREVEPORT, LOUISIANA 


